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The  success  attained  in  the  first  edition 
of  the  Signal  and  Permanent  Way  Engineer's 
Pocket  Book  has  been  so  marked  that  the 
Publishers  have  pleasure  in  bringing  out  a 
second  edition,  and  it  will  be  noted  that 
several  additional  features  have  been 
included. 

The  Publishers  would  like  to  state, 
however,  that  it  is  very  difficult  to  bring 
within  the  limits  of  a  Pocket  Book  detailed 
methods  of  operation  with  regard  to  the 
Construction  of  Permanent  Way  and  instal- 
ling of  Railway  Signalling,  as  this  must 
necessarily  depend  upon  the  exigencies  of 
local  circumstances  that  obtain  in  each 
specific  instance. 


653904 


CONTENTS. 


Development  of  Fixed  Signals — 

Early  Types  .  .  

Interlocking  of  Points  and  Signals 
Evolution  of  Block  Telegraph 
Working  of  Single  Lines    .  . 

Board  of  Trade  Requirements  in  regard  to  Signalling 
of  Railways — 

Documents  .  . 

Block  Telegraph 

Signals 

Points 

Interlocking 

Level  Crossings 

Modes  of  Working  Single  Lines 


Page 

8 

9 

9 

10 


12 
12 
12 
13 
13 
14 
15 


Description  of  Various  Types  of  Signals,  and  Purposes 
for  which  used — 

Signal  Posts 

Signal  Arms         .... 

Spectacles     .  . 

Signal  Lanterns 

Fixed  Signals 

Distant  Signals 

Interlinking  of  Distant  Signal  with  Bloc 

Telegraph  Circuit    .  . 

Home  Signals 

Starting  Signals 

Banner  Signals 

Electrical  Repeaters  (Signal  and  Light) 

Arm  and  Light  Repeater 

Circular  Expander.. 

Route  Indicating  Signals  .  . 

"  Three  Position"  Signals 

Electrically  Worked  Signals 

Duplicate  Arms 

Hoisting  Gear 

Subsidiary  Signals  :  — 

Calling-on  Arms 

Siding  Signals 

Backing  Signals 

Shunt  Signals 

Ground  Disc  or  Dwarf  Signals 
Fog  Signalling  :  — 

Detonator  Laying  Machines .  . 

Detonator  Economizers 

Detonator  Placing  Machines 
Signal  Boxes — 

General  Considerations 


16 
17 
17 
18 
18 
18 
19 
19 
20 
20 
21 
21 
21 
24 
30 
30 
30 
31 
31 

31 
31 
32 
32 
32 

32 
33 
33 

36 


Signal  Lighting- 

Page 

Long  Burning  Lamps 

..      37 

Oil  Lighting 

..      38 

Gas  Lighting 

..      38 

Electric  Lighting     . . 

. .      38 

Flashlight  Signals  . . 

..     38 

instable  Bracket   . . 

..     40 

Signalling  Systems — 

Manual : — 

Rods  and  Wires           . .           . .           . .           . .  42 

Points 43 

Wire  Worked  Points..  ..  ..  ..45 

Points  Rod  Compensation     . .           . .           . .  48 

Notes  on  Interlocking             . .           . .           . .  51 

Interlocking  Frames  . .           .  .           . .           .  .  6ii 

Signal  Replacers      .  .           .  .           .  .           . .           .  .  74 

Power  Signalling  Systems  : — General  Considerations 

Electro- Pneumatic              ..           ..             76  &  77 

All-Electric  Signalling             .  .           . .           .  .  78 

Electro- Mechanical  Signalling           . .           .  .  80 

Notes  on  Maintenance  : — 

Manual  Signalling       .  .           . .           . .           .  .  32 

Electro- Pneumatic      .  .           . .           .  .           .  .  81 

All-Electric 81 

Track  Circuit  and  Automatic  Signals — 

D.C.  Track  Circuits             8S 

A.C.  Track  Circuits             .  .           .  .           .  .           . .  90 

Track  Circuiting  through  Points  and  Crossings  92 


Automatic  Block  Signals — 

General  Considerations 
All-Electric 
Electro- Pneumatic.  . 
Low  Pressure  Pneumatic 
Electric  Signal  Motors 


93 
£4 
96 
96 
97 


Arrangements  of  Electric  Signalling  Instrumentsel22 


The  Block  System — 

Double  Line  Working  ; 

Absolute  Block  Instruments 
Permissive  Block  Instruments 
Train  Describers 

Alternating  Block  Instruments     .  . 
Lock  and  Block  :  Standard  Svstems 
Single  Line  Working  ; 
Tablet  Instruments 
Intermediate  Tablet  Working 
Electric  Occupation  Key  System 
Key  Token  Instrument 
Automatic  Token  Exchangers 
Tablet  Pouches 


123 
130 
132 
132 
139 

145 
155 
15S 
160 
162 
162 


7 
Cab^Signalling  and  Automatic  Train  Control- 


■'  Prentice"  System 

165 

Great  Western  System 168 

Raven's  Apparatus            ..           ..          ..           ..170 

Tyer's  Automatic  Train  Control  System             .  .    174 

Telephones  on  Railways — 

General  Principles  .  . 

.    175 

Secret  Intercommunications 

.    175 

Exchange  Work 

.    176 

Cables 

.    178 

Colour  Scheme  for  Cables 

.    179 

Telegraphy- 

Single  Needle 

.    187 

Morse  System 

.    187 

Line  Work   .  . 

.    188 

Wire 

.    188 

Insulators     .  . 

.    188 

Poles 

.    188 

Pole  Arms    .  . 

.    189 

Struts  and  Stays     . 

.    189 

Pole  Roof     . .  " 

.    189 

Saddle 

.    189 

Underground  Wires 

.    189 

Morse  Code  Affixes 

.    190 

Single  Needle  Alphabet 

.    191 

Morse  Alphabet 

.    191 

Morse  Code 

.    191 

Metrical  Equivalents 

.    277 

Radii  of  Boxwood  Curves          

.    289 

Signal  Wire  Details        

.    293 

Notes  on  Surveying 

.    297 

Vocabulary 

.    30  3 

The  Permanent  Way  Section  begins  on  page  197. 


DEVELOPMENT   OF  FIXED  SIGNALS. 

In  the  earliest  days  of  the  railways  the  trains,  which  were 
few  in  number,  were  run  according  to  time-table,  with  the 
additional  protection  of  the  flag  or  lamp  signals  exhibited 
by  the  policemen  whose  duty  it  was  to  patrol  the  line  and 
protect  the  various  stations  and  junctions. 

As  the  trains  ran  strictly  to  schedule,  the  drivers  always 
took  it  for  granted  they  had  a  clear  road  unless  they  had 
a  "Danger"  signal  shown  them  by  the  policeman  or 
station  staff. 

As  traffic  developed,  hand  signals  were  superseded  by 
fixed  indications  and  lamps  on  posts  at  the  more  important 
stations,  until  in  course  of  time  these  fixed  signals  came 
into  general  use.  The  day  indications  in  the  early  stages 
were  numerous  and  of  curious  design. 

At  the  opening  of  the  G.W.R.  in  1838  the  "  ball"  and 
"  kite  "  signals,  shown  on  diagrams  1  and  2,  were  in  use. 
The  former  consisted  simply  of  a  post,  to  the  top  of  which 
a  ball  was  hoisted  to  indicate  "  safety,"  an  ordinary 
stable  lantern  being  used  at  night  instead  of  the  ball. 
The  "  kite  "  signal  consisted  of  a  light  iron  frame  fixed 
on  the  top  of  a  post  with  a  movable  canvas  screen  mounted 
on  rings.  By  means  of  a  double  string,  the  canvas  could 
be  spread  out  like  a  curtain  on  either  side  to  indicate 
"  Danger  "  or  "  Caution,"  or  reefed  entirely  to  indicate 
"  Safety."  On  some  other  lines  flags  hoisted  on  poles 
were  used,  while  on  the  Eastern  Counties  Railway  baskets 
on  poles  were  utilized.  In  the  course  of  a  few  years,  how- 
ever, these  makeshift  appliances  generally  gave  place  to 
the  better  known  movable  crossbar  type  of  signal. 

Illustrations  3  and  4  represent  an  early  form  of  this 
type  of  signal,  which  consisted  of  a  disc  (4  feet  in  diameter 
mounted  on  the  top  of  a  movable  post  with  a  crossbar  8  feet 
long  and  1  ft.  wide)  fixed  at  right  angles  below  it.  The 
presentation  of  the  crossbar  to  the  driver  indicated 
"  Danger,"  and  the  disc  denoted  "  Safety."  Although 
not  shown  in  the  illustration  the  disc  was  usually  sur- 
mounted by  a  lamp  furnished  with  white  and  red  lenses  to 
correspond  with  the  daylight  indications. 

At  Branch  line  junctions  double  arms  and  double  discs 
were  sometimes  provided  to  govern  the  Branch  line  trains 
(Nos.  5  and  fi).  On  the  G.W.R.  down  line  signals  were 
subsequently  distinguished  by  end  pieces  (Nos.  7  and  8), 
and  level  crossing  signals  were  provided  with  double  end 
pieces  to  indicate  danger  to  Up  and  Down  trains  when 
the  gates  were  across  the  railway. 

The  practice  was  for  the  "  Danger  "  signal  to  be  ex- 
hibited after  the  passing  of  a  train  for  a  specified  number 
of  minutes  according  to  the  distance  to  the  next  station. 

In  some  cases  the  arrow  signals  (Nos.  13  and  14)  were 
also  used.  The  red  "  Danger  "  side  was  presented  for 
five  minutes  after  the  passage  of  a  train,  then  the  green 


"  Caution  "  side  was  shown,  and  after  five  minutes  more 
the  signal  was  txirned  "  edge  on." 

In  1842  the  "  Semaphore  "  type  o£  signal  (Nos.  9  and 
10) — now  in  universal  use — was  introduced  on  the  Croydon 
Railway,  and  very  rapidly  adopted.  It  is  interesting  to 
note  that  soon  after  it  came  into  general  use  and  until 
the  'seventies  it  was  worked  as  a  three-position  signal, 
an  intermediate  or  "  Caution  "  position  being  given  in 
addition  to  the  "  Danger  "  and  "  All  right  "  indications 
illustrated.  A  white  light  at  night  was  the  universal 
"  all  right  "  indication  until  about  189",  when  the  green 
light  was  made  standard. 

Electrical  arm  and  light  repeaters  appear  to  have  been 
introduced  in  the  'seventies. 

INTERLOCKING    OF    POINTS    AND    SIGNALS. 

The  necessity  for  working  switches  and  signals  from  a 
central  position  gradually  became  felt,  and  the  "concen- 
tration "  of  signal  and  point  levers  at  important  stations 
was  taken  in  hand  prior  to  185^1.  It  was  not  until  1856, 
however,  that  the  lirst  interlocking  frame  preventing  the 
contradictory  movement  of  signals  or  points  was  con- 
structed by  the  late  Mr.  Saxby  and  installed  at  Brick- 
layers Arms'  Junction.  This  was  a  great  advance,  and 
was  speedily  followed  up  on  all  the  leading  railways, 
although  it  was  not  until  1889  that  the  adoption  of  inter- 
locking was  made  compulsory  by  Parliament. 

Facing  point  locks  and  bars  were  introduced  in  the  late 
'sixties,  and  facing  point  detectors  added  some  ten  years 
afterwards 

EVOLUTION  OF  BLOCK  TELEGRAPH. 

The  first  actual  working  electric  telegraph  of  any  length 
was  Cook  &  Wheatstone's  installation  between  Padding- 
ton  and  West  Drayton  on  the  G.W.R.  opened  in  1858, 
and  soon  afterwards  extended  to  Slough.  Mr.  Edwin 
Clark  subsequently  modified  Mr.  Cook's  method  and 
introduced  on  the  North  Western  Railway  that  mode  of 
signalling  known  as  "  The  Block  System." 

Mr.  (afterwards  Sir)  W.  F.  Cook's  system  was  actually 
applied  on  ths  Norfolk  Railway  in  1844,  and  on  the  G.W.R. 
in  1850.  In  1851  Mr.  Edward  Tyer  designed  the  instru- 
ments known  by  the  name  of  "  Tyer  Train  Signalling 
Telegraphs,"  employing  only  one  line  wire.  These  instru- 
ments have  been  improved  from  time  to  time  to  meet 
modern  conditions  and  are  now  in  almost  universal  use 
throughout  the  world. 

As  far  back  as  1870  block  working  was  firmly  established 
on  the  main  routes  of  the  principal  railways,  and  was 
made  obligatory  on  passenger  lines  by  the  Regulations  of 
Railways  Act  of  1889. 


WORKING    OF    SINGLE   LINES. 

On  single  lines  the  "  one  engine  in  steam,"  and  the 
*'  token  "  principles  were  adopted  at  a  very  early  period, 
and  the  block  telegraph  was  also  subsequently  utilized  in 
conjunction  with  telegraphic  "  crossing  orders "  to  the 
trainmen. 

The  introduction  of  tickets  to  be  used  in  combination 
with  the  Train  Staff  and  Block  Telegraph  was  subse- 
quently found  to  answer  the  requirements  on  Branch  lines 
with  infrequent  train  services.  Difficulty  was,  however, 
experienced  on  busy  single  lines  until  the  advent  of  the 
Tyer's  Tablet  system  in  the  'seventies,  and  later  the  electric 
train  staflE  and  key  token  systems.  Experience  showed 
that  the  maximum  service  possible  under  the  staff  and 
Ticket  system  could  be  increased  by  25  per  cent,  with 
the  greater  facilities  available  under  the  Electric  Tablet 
and  other  token  systems. 

During  the  last  ten  years  immense  strides  have  been 
made  in  railway  signalling  by  the  introduction  of  "  power  " 
installations  of  various  types  ;  automatic  and  semi- 
automatic signalling  installations,  and  the  very  general 
application  of  track  circuiting. 

On  two  leading  lines  (the  G.W  R.  and  the  N.E.R.) 
audible  signalling  installations — combined  in  the  G.W. 
system  with  Automatic  Train  Control — are  in  operation. 
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BOARD  OF   TRADE    REQUIREMENTS   IN  REGARD 
TO    SIGNALLING    OF    RAILWAYS. 

DOCUMENTS. 

Diagrams  of  the  Signalling  arrangements  at  all  Junctions, 
Stations,  Block  Posts,  etc.,  have  to  be  forwarded  to  the 
Railway  Department,  Board  of  Trade,  previous  to  the 
second  notice  of  the  intention  to  open  a  railway  being 
given. 

BLOCK  TELEGRAPH. 

Block  Telegraph  Apparatus  to  be  universally  provided, 
except  in  the  case  of  single  lines  worked  by  one  engine 
under  steam,  or  two  or  more  coupled  together  carrying 
a  train   token. 

SIGNALS. 

Home  and  Distant  Signals  for  each  direction  to  be  fixed 
at  all  block  posts  with  extra  signals  at  stations  for  such 
dock  or  bay  lines  as  are  used  either  for  the  arrival  or 
departure  of  trains.  Starting  signals  for  each  direction 
to  be  fixed  at  all  Passenger  Stations  which  are  also  block 
posts.  On  Passenger  lines  all  crossover  roads  and  all 
connections  for  Goods  or  Mineral  lines  and  sidings  to  be 
protected  by  Home  and  Distant  Signals. 

Signals  may  be  dispensed  with  on  Single  Lines  under 
the  following  conditions  :  — 

(a)  At  all  stations  and  siding  connections  upon  a 
line  worked  by  one  engine  only,  or  two  engines  coupled 
together,  carrying  a  token  and  when  all  points  are 
locked  by  such  token. 

(b)  At  any  intermediate  siding  connection  upon  a 
line  worked  under  the  train  staff  and  ticket  system, 
or  under  the  electric  staff  or  tablet  system,  where  the 
points  are  locked  by  the  staff  or  tablet. 

(c)  At  intermediate  stations,  which  are  not  staff  or 
tablet  stations  upon  a  line  worked  under  the  Electric 
Staff  or  Tablet  system,  sidings,  if  any,  being  locked 
as  in  (&). 

The  signals  at  junctions  to  be  on  separate  posts  or 
brackets,  and  the  signals  at  stations,  when  there  is  more 
than  one  arm  on  one  side  of  a  post,  to  be  made  to  apply, 
the  first  or  upper  arm  to  the  line  on  the  left,  the  second 
arm  to  the  line  next  in  order  from  the  left,  and  so  on  ; 
but  in  cases  where  the  main  or  more  important  line  is 
not  the  one  on  the  left,  separate  signal  posts  to  be 
provided,  or  the  arms  to  be  on  brackets.  Distant 
signals  to  be  distinguished  by  notches  cut  out  of  the 
ends  of  the  arms,  and  to  be  controlled  by  Home  or  Starting 
Signals  for  the  same  direction  when  on  the  same  post. 
A  Distant  Signal  arm  must  not  be  placed  above  a  Home 
or  Starting  Signal  arm  on  the  same  post  for  trains  going 
in  the  same  direction. 
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In  the  case  of  sidings  either  a  disc  signal  to  be  provided 
or  a  low  short  arm  and  a  small  signal  light,  distinguishable 
from  the  arms  or  lights  used  for  running  signals.  Every 
signal  arm  to  be  so  weighted  as  to  fly  to  and  remain  at 
danger  on  the  breaking  at  any  point  of  the  connections 
between  the  arm  and  lever  working  it. 

The  lights  for  running  signals  to  be  green  for  all  right, 
and  red  for  danger  ;  the  back  lights  (visible  only  when 
the  ignals  are  at  danger)  to  be  white.  The  back  lights  of 
the  signal  lamps  to  be  made  as  small  as  possible,  having 
regard  to  efficiency,  and  when  the  front  lights  are  visible 
to  the  signalman  in  his  box,  no  back  lights  to  be  provided. 
If  from  any  unavoidable  cause  the  arm  and  light  of  any 
signal  cannot  be  readily  seen  by  the  signalman,  they  must 
as  a  rule  be  repeated  in  the  box. 

In  the  case  of  disc  or  dwarf  signals,  a  white  light  to  be 
used  in  lieu  of  a  red  one,  except  where  the  signals  control 
movements  from  sidings  to  main  lines,  or  in  and  out  of 
running  loops. 

POINTS. 

Facing  points  to  be  placed  as  near  as  practicable  to  the 
levers  by  which  they  are  worked  or  bolted.  The  limit  of 
distance  from  levers  working  points  to  be  2(»(i  yards  in  the 
case  of  facing  points,  or  250  yards  on  condition  that  in 
addition  to  the  detection  of  switch  blades  the  position  of 
the  bolt  lock  is  also  efficiently  detected.  In  power- worked 
facing  points  the  distance  may  be  30f»  yards  from  the  box  ; 
3i)0  yards  is  the  maximum  distance  allowed  in  the  case 
of  trailing  points  on  the  main  line,  or  safety  points  of  goods 
lines  and  sidings. 

In  order  to  ensure  that  facing  points  are  in  their  proper 
position  before  signals  are  lowered,  means  should  be 
provided  for  detecting  the  position  of  the  switches.  To 
prevent  facing  points  being  shifted  whilst  a  train  is  passing 
over  them  they  must  be  fitted  with  facing  point  locks  and 
locking  bars,  or  some  other  device  for  the  same  purpose. 
The  length  of  the  locking  bars  to  exceed  the  greatest 
wheel  base  between  any  two  pairs  of  wheels  of  the  vehicles 
in  use  on  the  line,  and  the  stock  rails  to  be  tied  to  gauge 
with  iron  or  steel  ties.  All  points,  whether  facing  or 
trailing,  to  be  worked  or  bolted  by  rods  and  not  by  wires 
and  to  be  fitted  with  two  connecting  rods. 


INTERLOCKING. 

The  levers  by  which  points  and  signals  are  worked  to 
be  interlocked  and,  as  a  rule,  brought  close  together  into 
the  position  most  convenient  for  the  person  working  them 
in  a  signal  box  or  on  a  properly  constructed  stage.  The 
signal  box  to  be  commodious  and  to  be  supplied  with  a 
clock  and  with  a  separate  block  instrument  for  signalling 
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trains  on  each  line  of  rails.  The  point  levers  and  signal 
levers  to  be  so  placed  in  the  box  that  the  signalman  when 
working  them  shall  have  the  best  possible  view  of  the  rail- 
way, and  the  box  itself  to  be  so  situated  as  to  enable  the 
signalman  to  see  the  arms  and  lights  of  signals  and  the 
working  of  the  points.  The  fixed  lights  in  the  signal  box 
to  be  screened  off  so  as  not  to  be  mistakable  for  the  signals 
exhibited  to  control  the  running  of  trains. 

The  interlocking  to  be  so  arranged  that  the  signalman 
shall  be  unable  to  lower  a  signal  for  the  approach  of  a 
train  until  after  he  has  set  the  points  in  the  proper  position 
for  it  to  pass  ;  that  it  shall  not  be  possible  for  him  to 
exhibit  at  the  same  moment  any  two  signals  that  can  lead 
to  a  collision  between  two  trains  ;  and  that  after  having 
lowered  the  signals  to  allow  a  train  to  pass,  he  shall  not 
be  able  to  move  any  points  connected  with,  or  leading  to, 
the  line  on  which  the  train  is  moving.  Points  also,  if 
possible,  to  be  so  interlocked  as  to  avoid  the  risk  of  a 
collision. 

Home  or  starting  signals  next  in  advance  of  trailing 
points  when  lowered  to  lock  such  points  in  either  position, 
unless  such  locking  will  unduly  interfere  with  the  trafftc. 

A  distant  signal  must  not  be  capable  of  being  lowered 
unless  the  home  and  starting  signals  in  advance  of  it  have 
been  lowered.  Adequate  means  to  be  provided  when 
necessary  for  reminding  the  signalman  of  vehicles  which 
are  standing  within  his  control. 


LEVEL  CROSSINGS. 

At  all  level  crossings  of  public  roads  the  gates  to  be  so 
constructed  that  they  may  be  closed  either  across  the 
railway  or  across  the  road  at  each  side  of  the  crossing,  and 
a  lodge  or,  in  the  case  of  a  station,  a  gatekeeper's  box  to 
be  provided  unless  the  gates  are  worked  from  a  signal  box. 
The  gates  must  not  be  capable  of  being  opened  at  the 
same  time  for  the  road  and  the  railwa3%  and  must  be  so 
hung  as  not  to  admit  of  being  opened  outwards  towards 
the  road.  Stops  to  be  provided  to  keep  the  gates  in 
position  across  the  road  or  railway.  Wooden  gates  are 
considered  preferable  to  iron  gates,  and  single  gates  on 
each  side  to  double  gates.  Red  discs  or  targets  must  be 
fixed  on  the  gates  with  lamps  for  night  use,  semaphore 
signals  in  one  or  both  directions  interlocked  with  the 
gates  may  be  required  ;  such  signals  will  be  necessary 
with  double  gates.  At  all  level  crossings  of  public  roads 
or  footpaths  a  footbridge  or  subway  may  be  required. 
At  occupation  and  field  crossings  the  gates  must  be  so 
hung  as  to  open  outwards  from  the  line.  Sidings  con- 
nected with  the  main  lines  near  a  public  road  level  crossing 
to  be  so  placed  that  shunting  may  be  carried  on  with  as 
little    interference    as    possible    with    the   level    crossings, 


15 

and  as  a  rule  the  points  of  the  sidings  to  be  not  less  than 
l(Mi  yards  from  the  crossing. 

At  public  road  level  crossings  in  or  near  populous 
places  the  lower  portions  of  the  gates  to  be  either  closed 
barred  or  covered  with  wire  netting. 

MODES  OF   WORKING   SINGLE   LINES. 

1.  Train  Staff  and  Tickets  combined  with  absolute 
block    telegraph. 

2.  Train  Staff  only  and  one  engine  in  steam  or  two  or 
more  engines  coupled  together. 

3.  Electric  Train  Tablet  or  Electric  Train  Staff  system 
under  which  only  one  of  the  Tablets  (or  Staffs;  applying 
to  any  section  can  be  in  use  at  the  san>e  time  ;  the  ap- 
proval of  the  Board  of  Trade  to  be  obtained  for  the  appara- 
tus proposed  to  be  used,  and  for  the  rules  of  working. 

.Vo/f. — \'arious  forms  of  Electric  Tokens  are  in  use 
on  the  different  railways  :  the  latest  type  which  has  been 
adopted  by  the  Great  Western  Railway  is  Tyer's  Key 
Token  instrument. 

It  may  be  taken  that  the  introduction  of  such  Electric 
Token  Instrument  in  place  of  the  staff  and  ticket  s^^stem 
will,  in  addition  to  securing  greater  safety  of  working 
enormously  increase  the  carrying  capacity  of  a  single  line 
railway. 
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DESCRIPTION    OF    VARIOUS    TYPES 

OF    SIGNALS,    AND    PURPOSES    FOR 

WHICH    USED. 

While  the  fixed  signals  of  the  various  railways  ia  this 
country  have,  owing  to  the  requirements  of  the  Board  of 
Trade,  been  brought  to  some  degree  of  uniformity,  in 
matters  of  detail  there  is  still  considerable  variation  in 
practice.  This  is  particularly  so  in  regard  to  the  forms 
and  uses  of  subsidiary  signals  and  in  the  materials  and 
methods  of  construction  of  running  signals.  Most  rail- 
ways have  a  standard  to  which  they  rigidly  conform,  but 
differing  in  many  respects  from  that  of  other  companies, 
with  the  result  that  any  generalization  in  regard  to  British 
Railway  Signalling  is  open  to  many  and  varied  exceptions. 

SIGNAL   POSTS. 

Signal  posts  are  in  most  cases  made  of  pitch  pine, 
mainly  on  account  of  its  strength,  durability  and  cheap- 
ness, and  the  fact  that  it  is  readily  obtainable  in  suitable 
lengths  of  good  size.  They  are  generally  about  7  in. 
square  in  section  at  the  top,  increasing  by  g  in.  per  foot 
to  12  in.  or  14  in.  at  the  bottom.  The  butt  or  portion 
below  ground  (which  should  be  about  5  ft.  for  posts  up 
to  20  ft.  in  height)  is  anchored  by  means  of  crosspieces 
and  struts,  and  should  be  either  charred  and  tarred  or 
treated  with  creosote  or  other  preservative.  Above 
ground  the  posts  are  usually  painted  black  for  the  first 
3  or  4  ft.  and  white  or  stone  colour  for  the  remainder,  and 
are  surmounted  by  a  cast-iron  or  zinc  cap  or  ornamental 
pinnacle  of  wood.  All  signals  over  3  i  ft.  high  should  be 
stayed  by  seven  guy  wires  of  galvanized  iron  (No.  17 
gauge)  attached  to  eye  bolts  at  the  top  of  post  and  carried 
to  cast-iron  anchors  well  embedded  in  earth,  or  otherwise 
suitably  secured.  Iron  or  steel  posts  stepped  into  a  cast- 
iron  base  are  used  on  some  railways,  the  London  and 
South- Western  Railway  Company,  for  instance,  having 
adopted  as  a  standard  a  post  of  wrought-iron  lattice 
pattern.  Posts  of  reinforced  concrete.  which  is 
claimed  to  be  cheaper  than  wood,  are  also  being  experi- 
mented with  on  one  leading  railway.  They  are  round 
and  made  in  lengths  of  30  ft.  to  35  ft.  with  a  diameter  of 
from  6i  in.  to  9i  in.  at  the  top  and  10  in.  to  18  in.  at  the 
base.  The  posts  are  hollow  and  reinforced  longitudinally 
and  spirally,  the  strengths  varying  from  loO  lbs.  to  1,500 
lbs.  wire  pull. 

In  the  case  of  bracket  signals,  a  stage  of  angle  iron 
crossed  by  wooden  treads,  usually  supported  on  wrought 
or  cast-iron  brackets,  is  necessary.  The  signal  ladders 
are  of  iron  with  round  f  in  treads  and  are  secured  to  the 
post  with  stays  according  to  height.  Separate  ladders 
are  required  for  the  arms  of  bracket  signals  which  cannot 
be  reached  from  the  stage. 
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A  frequent  method  of  carrying  several  signals  across 
running  lines  is  by  means  of  a  light  bridge  or  gantry. 
These  are,  in  many  cases,  constructed  entirely  of  iron  or 
of  lattice  steel  work  ;  in  others  the  gantry  and  the  dolls 
are  of  wood.  The  practice  has  much  to  recommend  it 
where  several  sets  of  rails  can  be  spanned,  the  driver 
obtaining  a  clearer  view  of  his  signals  than  is  possible 
where  the  latter  are  placed  at  the  side  of  the  track. 

SIGNAL   ARMS. 

The  two-positiou  lower  quadrant  semaphore  arm  is 
almost  universal  on  British  Railways.  It  is  generally 
made  of  yellow  pine,  cedar  or  mahogany,  and  fixed  on  a 
spindle  running  through  the  post,  but  sometimes  on  a 
bearing  at  the  side.  The  arm  is  actuated  by  rodding, 
with  a  counterbalance  weight  to  ensure  its  return  to  the 
"  danger  position.  Two  types  of  arms  are  employed, 
viz.,  the  square-ended  for  stop  signals  and  the  swallow  or 
fishtailed  for  distant  signals.  The  arms  of  all  running 
signals  are  carried  on  the  left-hand  side  of  the  post  and 
are  painted  red  with  a  white  band  or  spot  on  the  side 
facing  the  trains  they  control,  and  white  with  a  black 
band  or  spot  on  the  reverse  side. 

The  normal  dimensions  for  a  Distant  or  a  Stop  signal 
arm  for  a  post  up  to  25  ft.  in  height  are  : — 
48  in.  long  to  post. 
12  in.  to  111  in.  wide. 
."f;in.  to  1  in.  thick,  tapering  from  post. 
F"or  posts  over  25  ft.  in  height  a  6  i  in.  arm  of  the  same 
width  and  thickness  is  usually  provided.     The  arms  are 
held  horizontally  to  indicate  the   "  danger  "   or  "  stop  " 
position,  and  lowered  to  an  angle  varying  from  45°  to  6i)° 
to  the  post  in    order   to    represent    "  all    right."     On    the 
Great    Northern    Railway    the    "  all    right  "    position    is 
parallel  to  the  post,  the  arm  being  pivoted  in  the  centre 
and  balanced  without  the  aid  of  the  spectacle,   which  is 
carried   on   a   separate   spindle.     A    thin   steel   arm   is   in 
general  use  on  the  London  and  North- Western  Railway. 
This  is  11 'f  in.  wide  at  the  tip,  and  |  in.  thick,  with  two 
longitudinal  corrugations  in  it  each  i  in.  deep  and  2  in. 
wide    to    act    as  stiffeners.     These    arms    may   be  either 
vitreous  enamelled  or  enamel  painted,  and  can,   therefore, 
be  quite  readily  cleaned. 

SPECTACLES. 

The  front  spectacle  is  secured  by  bolts  to  the  signal 
arm,  to  which  it  acts  as  a  counterweight  and  ensures  the 
arm  going  to  danger  in  the  event  of  the  balance  lever  or 
the  upright  rod  becoming  broken.  The  red  and  green 
glass  in  the  upper  and  lower  portions  respectively  is  usually 
puttied  in  and  secured  by  spht  pins  passed  through  the 
casting.  In  the  case  of  the  centre-balanced  arm,  the  spec- 
tacle is  not  attached  to  the  arm,  but  to  a  spur  secured  to 
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the  spindle,  which  is  actuated  by  the  crank  attached  to 
the  upright  rodding.  In  cases  where  the  Signalman 
cannot  see  the  front  of  the  signal,  back  spectacles  or 
"  blinkers  "  are  required  behind  the  lamp  so  arranged  as 
to  obscure  the  back  lens  when  the  signal  arm  is  lowered. 

SIGNAL     LANTERNS. 

Signal  lanterns  are  constructed  of  tinplate,  copper  or 
cast  iron,  principally  the  former,  and  vary  in  size  to  suit 
the  individual  requirements  of  the  various  companies. 

For  gas-lit  signals  copper  lanterns  are  most  suitable 
and  will  last  for  about  twelve  years,  which  is  also  about 
the  life  of  a  tin  lantern  for  an  oil-burning  signal.  Cast- 
iron  cases  are  practically  indestructible,  but  are  heavy 
and  require  stronger  bracketing  and  staying. 

A  6  in.  bull's  eye  lens  capable  of  adjustment  is  fixed 
in  the  front  of  the  lantern  of  runnin-?  signals,  and  a  1^  in. 
or  2  in.  lens  in  the  back.  In  the  lanterns  of  subsidiary 
air  signals,  such  as  "  Calling  On,"  "  Shunt  "  and 
"  Backing  "  signals,  smaller  front  lenses  of  21  in.  or  3  in. 
diameter  are  used. 

FIXED  SIGNALS. 
Fixed  signals  are  divided  into  two  main  classes,  viz., 
"  running "  and  "  subsidiary."  The  former  comprises 
Distant,  Home  and  Starting  signals,  and  the  latter  the  less 
important  signals  used  for  slow  speed  movements,  such  as 
Siding,  Shunting,  Backing  and  "  Calling-on,"  etc.,  signals. 

DISTANT   SIGNALS. 

This  is  a  "  caution  "  signal,  and  may  be  passed  at 
"  Danger,"  but  is  perhaps  the  most  important  of  the 
running  signals  in  that  when  it  is  at  "  All  right  "  it  indi- 
cates that  all  the  stop  signals  applying  to  the  same  line 
worked  from  the  Signal  Box  immediately  in  advance  are 
also  at  "  All  right."  If,  on  the  other  hand,  the  arm  is  at 
"  Danger,"  it  is  a  warning  to  the  Driver  to  be  prepared 
to  stop  at  the  Home  signal.  For  this  purpose  the  Distant 
signal  must  be  placed  sufficiently  far  back,  the  distance 
varying  with  the  gradient,  curves,  etc.,  from  600  to  1,000 
yards  or  more. 

If  the  signal  boxes  are  too  close  together  to  permit  of 
the  Distant  signal  being  placed  out  the  prescribed  distance 
from  the  Home  signal,  it  has  then  to  be  placed  underneath 
the  Home,  Starting  or  Advanced  Starting  signal  of  the  box 
in  the  rear  as  a  slotted  or  "  controlled  "  signal. 

For  splitting  junctions  over  which  trains  may  run  at 
full  speed  in  each  direction,  two  Distant  signals  are  re- 
quired on  brackets  of  equal  height.  In  cases  where  the 
speed  over  one  line  at  a  splitting  junction  has  to  be  con- 
siderably reduced,  it  is  now  the  recognised  practice  to 
provide  only  one  Distant  arm,  which  is  lowered  for  the 
high  speed  route  alone. 
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Some  Companies  adopt  the  practice  of  fixing  Distant 
signals  permanently  at  "  Danger"  if  there  is  a  restriction 
of  speed  to  15  miles  per  hour  or  less  at  any  point  between 
the  Distant  signal  and  the  most  advanced  Starting  signal 
worked  from  the  same  box.  In  such  rases  the  spectacle 
is  removed  from  the  arm  and  a  red  bull's-eye  lens  placed 
in  the  signal  lantern,  and  the  arm  repeater,  if  provided, 
is  removed. 

An  attempt  to  provide  some  distinctive  indication  of 
the  Distant  signal  by  night,  apart  from  its  isolated  position 
or  as  a  lower  arm  under  a.  stop  signal,  has  been  made 
on  some  railways  by  means*  of  a  signal  lamp  possessing  an 
outward  extension  with  an  inclined  back  painted  white 
and  a  front  of  silvered  glass.  The  side  rays  from  the 
lamp  are  reflected  by  the  back  and  front,  and  an  angle 
being  cut  out  of  the  latter  causes  an  arrowhead  of  light 
to  appear,  indicating  the  character  of  the  signal. 

Where  special  attention  has  to  be  paid  to  the  working 
of  the  Distant  signal  by  reason  of  curves  or  excessive 
distance  from  the  box,  the  block  telegraph  instrument 
has,  on  one  leading  railway,  been  interlocked  with  the 
Distant  signal  in  such  a  manner  that  unless  the  arm  is  in 
the  correct  danger  position,  the  Signalman  is  unable  to 
peg  "  Line  clear  "  for  a  train  to  approach. 

The  manner  in  which  the  working  of  the  Distant  signal 
is  interlinked  with  the  block  telegraph  indicator  circuit 
is  shown  in  the  accompanying  diagram. 


TO  REAR  StONAL  BOX 
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DISTANT  SIGNAL 


"  A  "    represents   the   contact   made   when    the   Distant 

signal  is  "  on  "  and  "  R  "  is  the  electric  repeater.     "  L.C." 

is  the  "  Line  Clear"  key  of  the  block  telegraph   indicator 

to   the  rear   Signal   Box — (the   "  Train   on   Line  "   key  is 

omitted  for  simplification).     When  the  "  Line  clear"  key 

is   pegged   down   it   closes  a  contact   (B),   which    puts  in 

parallel  with  the  electric  repeater  one  winding  of  a  polarized 

relay  (P),  and  if  the  distant  signal  is  "  on,"  current  flows 

from  the  battery  at  the  distant  signal  through  this  winding 

of  the  polarized  relay,  causing  the  armature  of  the  relay 
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to  be  deflected  to  the  left.     This  causes  the  "  Line  Clear  " 

battery  to  be  connected  to  the  front  of  the  "  Line  Clear  " 
key.  Unless,  therefore,  the  distant  signal  is  "on"  the 
"  Line  Clear  "  signal  cannot  be  sent. 

When  the  Distant  signal  is  lowered  current  through  the 
polarized  relay  is  reversed,  and  unless  other  provision 
were  made,  the  "  Line  Clear  "  indication  would  be  inter- 
fered with,  through  the  armature  of  the  polarized  relay 
being  deflected  from  its  left-hand  contact.  To  prevent 
this  there  is  another  winding  on  the  polarized  relay  which, 
when  the  "  Line  Clear  "  key  is  pegged  down,  is  connected 
by  the  closing  of  the  contact  "  C  "  parallel  with  the  block 
instrument  line,  so  that  current  can  pass  from  the  "  Line 
Clear  "  battery  through  the  second  winding  of  the  polarized 
relay.  This  current  is  stronger  than  the  current  from  the 
distant  signal  battery,  and  therefore  capable  of  continuing 
to  hold  the  armature  of  the  polarized  relay  to  the  left  after 
the  distant  signal  has  been  lowered. 

HOME   SIGNALS. 

Home  signals  are  placed  immediately  to  the  rear  of 
signal  boxes,  crossover  roads,  siding  connections  or 
junctions.  At  facing  junctions  they  are  fixed  on  brackets 
with  the  arm  for  the  more  important  line  at  a  higher 
elevation.  At  many  busy  junctions  Home  signals  situated 
a  quarter  of  a  mile  to  the  rear  of  the  ordinary  or  Inner 
Home  signals  are  provided.  These  allow  of  trains  being 
accepted  with  freedom  from  each  direction  towards  the 
junction  under  normal  block  working  conditions.  Delays 
are  thus  avoided,  but  in  order  to  remind  the  signalman 
of  the  presence  of  the  train  at  the  Outer  Home  signal,  a 
short  length  of  track  circuit  in  combination  with  a  visual 
indicator  in  the  box  should  be  provided.  It  is  usual  also 
for  the  occupation  of  the  track  to  lock  the  stop  signal 
immediately  in  rear  of  the  track  circuited  signal  and  to 
either  hold  the  block  indicator  at  "  Train  on  line  "  or 
prevent  it  being  put  to  "  Line  Clear." 

STARTING   SIGNALS. 

Starting  signals  control  the  entrance  of  trains  into  the 
block  section  in  advance.  They  are  located  at  the  end 
of  the  station  platform  or  a  full  train's  length  ahead  of 
trailing  points.  At  places  where  there  is  a  crossover  road 
or  a  siding  connection  beyond  the  starting  signal,  an 
Advanced  Starting  signal  is  required.  There  should,  if 
possible,  be  an  uninterrupted  view  from  the  signal  box  of 
trains  or  engines  standing  at  Starting  or  Advanced  Starting 
signals,  and  when  this  cannot  be  obtained,  some  form  of 
electrical  reminder  should  be  given  the  signalman,  such  as 
track  circuit  or  a  reply  push  bell  on  the  signal  post,  the 
former  being  preferable. 


21 

ELECTRICALLY- WORKED  "BANNER"    SIGNALS. 

These  consist  of  a  circular  iron  frame  with  glass  front 
and  opal  glass  back,  between  which  is  a  red  arm  pivoted 
in  the  centre.  They  are  frequently  used  as  Platform 
Starting  signals,  particularly  at  large  termini,  or  in 
positions  at  stations  where  there  is  a  difficulty  in  fixing 
ordinary  semaphore  signals.  The  frame  is  usually  2  ft. 
6  in.  in  diameter,  but  where  used  as  a  "  Calling-on  "  or 
other  subsidiary  signal,  is  reduced  in  size  to  1  foot. 

ELECTRICAL      REPEATERS. 

These  are  provided  where  the  signals  are  not  within  the 
signalman's  vision  in  order  to  inform  him  of  the  position 
of  the  arms.  They  consist  of  an  indicator  in  the  signal  box 
actuated  by  mercurial  or  electrical  contact.  When  the 
signal  is  at  danger  the  repeater  shows  "  Signal  on,"  and 
when  the  arm  is  fully  lowered  "  Signal  off."  Directly  the 
arm  is  deflected  from  the  horizontal  position  and  until  it 
is  properly  lowered  the  repeater  shows  "  Wrong."  In 
other  cases  a  miniature  signal  in  glass  frame  is  provided, 
which  repeats  the  actual  movements  of  the  signal  arm. 

A  "  light  "  repeater  is  also  frequently  provided  in  com- 
bination with  the  last-named  apparatus,  in  order  that 
the  signalman  may  be  aware  if  the  signal  lamp  is  not 
burning  properly.  As  long  as  the  light  gives  sufficient 
heat,  an  expansion  bar  within  the  signal  lamp  maintains 
an  electrical  contact  and  indicates  "  Lamp  in  "  on  the 
repeater.  Should  the  light  fail,  however,  and  the  tem- 
perature in  the  lamp  be  lowered,  the  bar  contracts  and 
breaks  the  contact,  with  the  result  that  the  repeater  at 
once  shows  "  Lamp  out,"  and,  if  necessary,  the  simul- 
taneous ringing  of  a  bell  calls  the  attention  of  the 
signalman  to  the  fact  that  the  light  is  not  burning. 
Fig.  1  illustrates  Tyer's  Simple  Electric  Signal  and  Light 
Repeater.  Fig.  2  shows  Tyer's  Patent  Light  Expander. 
Fig.  3  shows  same  attached  to  Lamp.  Fig.  4  shows  a 
G.W.  Lamp  Indicator. 

ARM  AND  LIGHT   REPEATER. 

The  repeater  (Figs.  3  and  4)  is  arranged  to  repeat  either  the 
arm  or  the  arm  and  the  light  combined  by  means  of  switch  1, 
which,  when  it  is  pointing  to  "  Arm  and  Light"  as  shown 
with  the  outside  semaphore  arm  in  the  off  position,  joins 
contacts  2  and  3,  which  allows  a  current  to  pass  from  battery 
4,  through  contacts  5  and  6  on  commutator,  wire  7  to 
thermostatic  expander  contacts  8  and  9,  line  wire  10  to 
switch  contacts  2  and  3,  wire  11  and  coils  12  and  13,  which 
operate  arm  14  to  "  Off  "  position  and  thence  return  by 
means  of  earth  or  return  wire  to  battery  4.  Contacts  15 
and  16,  also  joined  when  switch  1  is  in  this  position,  com- 
plete a  local  circuit  from  battery  17  through  wire  18  to 
contacts  19  and  20,  wire  21  to  lamp  22  and  back  through 
wire  23  to  battery   17.     The  light  from  lamp  22  shines 
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through  the  green  spectacle  25  when  the  arm  14  is  in  the 
"  Off  "  position.  The  contacts  19  and  20  are  joined  when 
the  arm  14  is  in  either  the  "  On  "  or  "  Off  "  position  by 
cam  24,  which  is  fitted  on  spindle  of  arm  14. 

With  the  switch  still  pointing  to  "  Arm  and  Light  " 
and  the  outside  semaphore  arm  is  at  danger  a  current  of 
reverse  polarity  passes  from  battery  30  through  contacts 
31  and  6  on  commutator,  wire  7  to  thermostatic  expander 
contacts  8  and  9,  line  wire  10  to  switch  contacts  2  and  3, 
wire  1 1  and  coils  12  and  13,  which  now  operate  arm  14  to 
"  On  "  position,  and  thence  return  by  means  of  earth  or 
return  wire  to  battery  3it.  The  light  from  lamp  22  now 
shines  through  the  red  spectacle  26. 

During  the  day  when  the  arm  need  only  be  repeated  the 
switch  is  pointed  to  "  Arm."  Then  with  the  outside 
semaphore  arm  in  "  Off  "  position  the  current  from  bat- 
tery 4  passes  through  contacts  5  and  6,  line  wire  27  to 
switch  contacts  28  and  2t),  wire  1 1  to  coils  12  and  13,  which 
operate  arm  14  to  "  Off  "  position  and  thence  return  by 
means  of  earth  or  return  wire  to  battery  4. 

With  the  switch  still  pointing  to  "  Arm  "  and  the 
semaphore  arm  at  danger,  a  current  of  reverse  polarity 
passes  from  battery  30  through  contacts  31  and  6,  line 
wire  27  to  switch  contacts  28  and  29,  wire  11  to  coils  12 
and  13,  which  now  operate  arm  14  to  "  On  "  position  and 
thence  return  by  means  of  earth  or  return  wire  to  battery 
3;» . 

When  the  switch  points  to  "  Arm  and  Light  "  w'ith  the 
semaphore  arm  in  neither  the  "  Danger  "  nor  the  "  Off  " 
position,  or  should  the  lamp  be  out  or  burning  dimly, 
the  arm  1  4  will  go  to  "  Our  of  Order"  position,  which  is 
indicated  by  an  arrow  midway  between  the  "  On  "  and 
"  Off  "  position,  and  lamp  22  will  not  light.  The  switch 
when  midway  puts  the  repeater  to  the  "  out  of  order  " 
position. 

The  semaphore  arm  is  shown  in  the  "Off"  position, 
this  indicating  more  clearly  the  operation  of  the  switch 
contacts. 

Where  electric  lamps  are  used  for  lighting  in  connection 
with  semaphore  arms  the  thermostatic  expander  contacts 
can  be  replaced  by  a  relay  in  circuit  with  the  electric 
lamp,  the  relay  contacts  being  substituted  for  the  ex- 
pander contacts.  Should  the  electric  semaphore  lamp 
fail  the  circuit  is  broken  through  the  relay,  and  the  re- 
peating lamp  in  the  cabin  is  automatically  extinguished. 

The  case  can  be  either  of  wood  or  metal,  and  can  be 
adapted  for  Upper  Quadrant  or  3-position  working  as 
desired. 

Very  small  battery  power  is  required,  and  the  main- 
tenance is  very  slight.  The  repeating  lamp  will  last  a 
considerable  period,  as  only  half  normal  current  is  used 
for  same. 
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Fig.  1. 


Fig.  2. 
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Fig.  4- 


Fig.  5- 
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£or/^ 


Tyer's  Patent  Arm  and  Light  Repeater. 
Diagram  of  Circuits. 


CIRCULAR    THERMOSTATIC    EXPANDER. 

Fig.  5  shows  Tyer's  new  form  of  Thermostatic  Expander  of 
a  circular  type,  for  operating  the  electrical  repeater  in  the 
f  signal  box,  to  denote  whether  the  lamp  is  alight  or  otherwise. 
It  is  not  affected  by  atmospheric  conditions,  direct  rays 
of  sunlight,  etc.,  only  being  operative  when  subjected  to  a 
direct  flame  applied  towards  the  centre  pivot. 

The  expander  is  of  simple  construction,  consisting  of 


Fig-  3- 


a  circular  skeleton  plate,  slightly  convex,  the  expansion 
of  which  causes  electrical  contacts  making  and  breaking 
as  the  case  may  be.  The  design  is  such  that  it  can  be 
readily  adapted  to  almost  any  type  of  lamp,  and  can  be 
fitted  inside  the  cover  so  that  everything  is  protected, 
excepting  the  contacts,  which  are  covered  by  a  small  cap. 


This  Expander  is    meeting  with 
to  become  the  adopted  standard. 


jreat  success  and  bids 
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<III»IC  SCHT^NS   APE  NOT    StCWN. 


Route 
Indicating  Signal. 
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This  form  of  repeater,  especiallj'  in  view  of  the  extensive 
use  of  long  burning  signal  lamps,  should  prove  a  great 
boon  to  signalmen  to  assure  them  of  the  efficiency  of  the 
lamp  flame,  as  half  flame  or  under  will  cut  out  the  light 
circuit  in  the  Repeater,  causing  the  arm  to  go  to  the  neutral 
position  and  the  light  to  be  extinguished. 

ROUTE     INDICATING     SIGNALS. 

In  place  of  the  multi-armed  signals  hitherto  in  use 
at  many  large  stations  and  yards,  a  new  type  of  single  arm 
signal  with  route  indications  is  being  largely  adopted.  A 
usual  form  is  the  provision  of  a  rectangular  opal  screen 
below  the  signal  arm,  which  shows  a  white  ground  by  day 
and  also  at  night,  when  it  is  illuminated  by  a  lamp  with  a 
specially  constructed  lens  and  reflector  at  the  back.  The 
figures  are  cut  out  on  slides  of  sheet  zinc,  like  stencils. 
When  the  signal  is  normally  at  "  Danger,"  the  slides  are 
out  of  sight  in  the  slide  box  above  or  below,  the  screen, 
but  they  are  placed  in  front  of  the  screen  when  the  levers 
operating  them  are  pulled  over  in  the  Signal  Box,  and  the 
figures  by  day  appear  white  on  a  black  ground  or  vice 
versa.  Among  the  many  advantages  of  the  system  is  the 
question  of  simplification,  only  one  arm  or  light  having 
to  be  looked  for,  instead  of  picking  out  a  certain  signal 
from  a  complicated  group.  A  clear  and  unmistakable 
indication  is  also  given  to  the  Driver  of  his  destination, 
while  the  economies  in  reduction  of  first  cost  and  subse- 
quent upkeep  of  a  lessened  number  of  arms  and  lamps 
are  considerable  (p.  29). 

"  THREE-POSITION  "     SIGNALS. 

The  experimental  introduction  of  "  three-position  " 
(upper  quadrant  )  signals  has  recently  taken  place  on  the 
Great  Western  Railway.  This  type  of  signal  (p.  28)  gives 
three  indications,  the  arm  being  raised  from  the  horizontal 
or  "Danger"  position  to  the  vertical  or  "All  right"  position 
The  intermediate  position  at  45°  for  "  Caution  "  carries  an 
orange  light  and  indicates  that  the  section  ahead  is  clear 
to  the  next  stop  signal  only,  thus  taking  the  place  of  the 
verbal  "  warning  "   arrangement. 

ELECTRICALLY     WORKED     SIGNALS. 

With  the  view  of  overcoming  difficulties  attendant  on 
working  signals  mechanically  when  at  a  considerable 
distance  from  the  levers  controlling  them,  electric  motors 
are  obtainable  which  can  be  affixed  to  any  type  of  signal 
post  and  will  work  any  semaphore  arm  with  standard 
fittings.  With  the  Siemens  type  of  motor  a  small  primary 
battery  only  is  necessary  to  lower  the  semaphore  arm  to 
the  "  clear "  position,  the  amount  of  electrical  energy 
expended  being  extremely  small.     This  type  of  motor  is 
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peculiarly  adaptable  where  slotting  is  necessary,  as  in  the 
case  of  a  lower  distant  arm  or  where  signal  wires  passing 
unprotected  through  tunnels  are  apt  to  become  defective, 
and  also  for  operating  signals  automatically  by  track 
circuit  or  other  device..  The  cast-iron  case  in  which  the 
motor  is  enclosed  can  be  attached  to  either  the  top  or 
bottom  of  the  signal  post,  the  advantage  of  the  topmast 
position  being  that  the  arm  is  directly  operated  by  the 
train  of  gears.     (For  Tyer's  Signal  Motor,  see  p.  97). 

DUPLICATE     ARMS. 

High  signals,  the  driver's  view  of  which  is  temporarily 
obstructed  by  an  overbridge,  or  other  obstacle,  are  pro- 
vided with  duplicate  or  co-acting  arms  of  the  same  pattern 
as  the  upper  arms,  slightly  reduced  in  length  and  fixed 
lower  down  the  post.  These  are  also  found  of  great 
service  in  time  of  fog. 

HOISTING   GEAR. 

Where  signals  are  over  30  ft.  in  height,  hoisting  gear  is 
now  frequently  provided.  This  resembles  that  on  a  street 
arc  light  standard  and  enables  the  lamp  to  be  raised  and 
lowered,  thus  avoiding  the  necessity  of  the  lamp-man 
having  to  climb  the  ladder  for  the  purpose. 

SUBSIDIARY    SIGNALS. 

Other  fixed  signals  which  are  commonly  used  in  con- 
junction with  the  main  running  signals  already  described 

CALLING-ON   ARMS. 

These  are  fixed  upon  the  Home  signal  post  beneath  the 
Home  signal,  and  consist  of  a  short  arm  which,  as  its 
name  implies,  is  used  to  indicate  to  the  driver  that  he 
may  draw  forward  with  caution  as  far  as  it  is  clear  when 
the  line  ahead  is  occupied.  They  are  often  provided 
when  the  Home  signal  is  not  near  enough  to  the  signal 
box  to  enable  a  signalman  to  communicate  verbally  with 
a  driver  after  stopping  him  at  the  Home  signal.  Calling- 
on  arms  on  some  lines  show  no  light  when  at  "  Danger  " 
at  night.  They  are  of  various  shapes  and  designs,  being 
purposely  made  as  insignificant  as  possible  and  range 
from  simple  small  arms  to  scissors  and  hammer-head 
signals. 

SIDING   SIGNALS. 

Control  the  exit  of  trains  from  sidings  They  are 
usually  low  semaphores  with  short  arms.  On  the  Great 
Western  Railway  they  are  distinguished  by  a  ring  on  the 
arm.  When  two  or  more  directions  require  to  be  indi- 
cated the  latest  practice  is  to  provide  "  route-indicating  " 
signals. 
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BACKING     SIGNALS. 

In  cases  where  it  is  necessary  to  "  back  "  frequently 
over  points,  or  for  a  short  distance  along  a  running  line 
for  the  purpose  of  reaching  another  line,  Platform  or 
Siding,  low  "backing"  or  "wrong  line"  signals  are 
often  provided.  These  are  on  some  lines  distinguished 
by  having  two  holes  in  the  arm,  and  show  a  small  white 
light  in  the  normal  position  and  a  small  green  one  when 
at   "  All  right." 

"  SHUNT"  SIGNALS. 

"  Shunt  "  signals,  used  on  some  railways,  are  always 
fixed  as  a  small  lower  arm  on  the  most  advanced  signal 
controlling  entrance  to  the  section  ahead;  when  it  is 
necessary  for  a  train  or  engine  to  frequently  draw  past 
the  signal  for  shunting  purposes  only.  The  difficulties 
and  risk  of  misunderstanding  in  giving  verbal  instructions 
from  the  signal  box  are  thereby  obviated.  These  signals 
are  sometimes  distinguished  by  a  large  "  S  "  on  the  arm. 

GROUND   DISC    OR   DWARF   SIGNALS. 

Govern  movements  over  trailing  points.  Ground  discs 
are  of  two  kinds,  the  point  disc  and  the  independent  disc, 
the  former  working  with  the  points  and  the  latter  operated 
by  independent  lever.  The  independent  pattern  of  disc 
is  usually  fitted  with  a  miniature  signal  arm.  The  lights 
of  all  disc  and  dwarf  signals  are  small,  the  lenses  being 
li  in.  or  2  in.  in  diameter.  The  last  issued  Board  of 
Trade  regulations  provide  for  the  use  of  white  instead  of 
red  lights  in  discs  or  dwarf  signals,  except  when  the  signals 
control  movements  from  sidings  to  main  line  or  in  and 
out  of  running  loops. 

FOG    SIGNALLING. 

Mechanical  aids  to  the  placing  of  detonators  with  a 
view  to  economy  of  men  and  material  are  in  use  to  a  con- 
siderable extent.  These  are  either  worked  by  the  fogman 
himself  or  are  actuated  direct  from  the  Signal  Box. 

DETONATOR  LAYING  MACHINES  (Fig.  6) 
Enable  a  fogman  to  fog  for  the  signals  applying  to  two  or 
more  lines  without  crossing  intervening  rails.  One  form  of 
apparatus  known  as  the  "  Pinder  "  is  used  largely  on  the 
Lancashire  &  Yorkshire  and  Great  Western  Railways  and 
consists  of  a  winding  wheel  with  an  endless  chain  in  wooden 
troughing  running  under  the  intermediate  line  or  lines  and 
curved  slides  along  which  the  detonator  carriages  work 
to  and  from  the  rail.  When  a  detonator  is  exploded  the 
fogman  draws  back  the  carrier  and  recharges  it,  but  if 
the  signal  is  lowered,  he  turns  the  wheel  sufficiently  to 
remove   the   detonator   clear   of    the   rail.     An   indicator 
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showing  when  the  detonators  are  on  or  off  the  rail  is 
provided  at  the  fogman's  end.  Another  form  is  the 
Clayton  Fog  Signalling  machine,  which  is  provided  with  a 
magazine  at  the  side  of  the  rail  containing  a  supply  of 
detonators  in  tin  clips.  A  pair  of  jaws  worked  by  a  lever 
from  the  box  gives  the  detonators  one  by  one  and  places 
them  on  the  rail  or  removes  them  as  required. 

DETONATOR    ECONOMIZERS    (Fig.  7). 

These  machines,  which  may  be  used  separately  or  in 
connection  with  the  detonator-laying  machine  described 
above,  are  designed  to  avoid  the  loss  involved  in  the  system 
of  using  two  detonators  to  ensure  one  report  by  utilizing 
the  force  of  the  explosion  of  the  first  detonator  to  with- 
draw the  second  one  from  the  rail  before  the  wheel  reaches 
it,  while  retaining  the  advantage  of  keeping  a  second 
detonator  on  the  rail  to  provide  against  failure  or  skidding. 
The  apparatus  consists  of  a  bar  threaded  through  two 
eyes  on  the  sleepers  and  provided  with  stop  and  flynut 
in  order  to  prevent  it  approaching  too  near  the  rail.  At 
one  end  is  a  plate  fixed  at  right  angles  to  the  rail,  and  at 
the  other  end  farthest  away  from  on-coming  trains  a  crank 
to  which  a  tin  holder  with  a  detonator  clipped  in  is  swivelled 
by  means  of  a  pin.  When  the  first  detonator,  which  is 
placed  on  the  rail  two  inches  to  the  rear  of  the  plate, 
explodes,  it  throws  back  the  plate,  revolves  the  crank, 
and  removes  the  second  detonator  before  the  wheels  of 
the  engine  reach  it.  Should  the  first  detonator  fail  or  be 
skidded,  the  second  will  explode,  and  a  new  tin  holder 
and  detonator  has  then  to  be  provided. 

DETONATOR  PLACER  MACHINES  (Fig.  8). 

These  are  made  in  various  designs  and  are  either  worked 
automatically  off  the  signal  wire  or  by  a  lever  from  the 
signal  box.  Their  function  is  to  place  two  detonators  on 
the  rail  in  advance  of  the  Home  signal  when  that  signal 
is  at  "  Danger."  When  not  on  the  rail  head  the  detonators 
are  under  cover  in  an  iron  casting  fixed  close  to  the  rail 
and  slightly  below  rail  level. 
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DETONATOR     LAYING     MACHINE    (WITH     ECONOMISER). 
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DETONATOR     ECONOMISER. 
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DETONATOR    PLACER    MACHINE,    WORKED      FROM     SIGNAL     BOX. 
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SIGNAL  BOXES. 

There  are  many  varieties  of  Signal  Boxes,  the  type 
and  size  being  governed  by  local  circumstances,  and  from 
the  outset  it  has  been  the  practice  to  enclose  the  levers 
operating  signals,  points  and  lock  bars  in  a  cover  or  build- 
ing, the  position  chosen  being  such  that  the  signalman 
can  see  as  much  as  possible  of  the  yard  he  controls  ;  yard 
being  defined  as  the  area  of  railway  between  the  Signals 
in  each  direction. 

As  far  as  is  practicable  the  signal  box  should  be  built 
as  centrally  as  convenient  with  regard  to  the  layout  under 
control.  In  some  cases,  owing  to  the  exigencies  of  space, 
the  box  would  have  to  be  carried  on  a  bridge  or  supports 
over  the  railway.  According  to  standard  British  practice 
Signal  Boxes  should  not  be  built  more  than  2  Ki  yards  from 
the  facing  points  in  either  direction  ;  in  special  circum- 
stances this  may  be  extended  to  the  maximum  of  25!) 
yards,  and  in  the  case  of  training  points  300  yards  is  the 
greatest  distance. 

Signal  Boxes  may  be  constructed  either  wholly  of  brick, 
stone  or  timber,  or  the  under  portion  brick  with  timber 
framing  above.  If  the  ground  is  newly  made  a  timber 
box  is  most  desirable,  being  of  lighter  construction  than 
brick  or  stone.  Where  the  sunshine  is  excessive  the  roof 
should  overhang  to  afford  protection  from  the  direct  rays. 
In  country  districts  oil  is  the  artificial  illuminant,  and 
where  available  near  and  in  towns  gas  and  electric  light 
are  used.  Water  or  earth  closets  should  be  built  within 
easy  reach  and,  if  possible,  a  W.C.  should  be  embodied 
in  the  building  itself.  A  coal  and  ashbin  is  also  required. 
A  desk  is  necessary  for  the  booking  of  trains,  and  a  clock 
must  be  provided,  also  a  small  cooking  stove.  Cup- 
boards and  lockers  in  which  to  keep  overcoats,  detonators, 
hand  lamps,  flags,  etc.,  are  also  necessary. 

An  oil  hut  is  a  desirable  adjunct  if  there  is  not  a  lamp- 
room  available  at  the  station,  as  it  is  not  a  good  practice 
to  use  the  under  part  of  the  signal  cabin  for  lamp  cleaning 
and  oil  storage. 

Locking  frames  have  to  be  periodically  inspected  and 
oiled,  and  where  high  frames  are  in  existence  a  second  floor 
has  to  be  provided  underneath  the  box  to  facilitate 
maintenance  and  a  signal  box  should  always  be  designed 
to  suit  the  locking  gear.  ■  On  the  top  floor  ample  space 
should  be  allowed  for  the  instrument  shelves  for  block 
apparatus,  repeaters  (which  should  be  fixed  close  to  the 
levers  working  them),  train  describers,  track  indicators, 
telephones  and  single-needle  instruments,  and  where  the  line 
is  single  the  tablet  instruments  should  be  fixed  on  tables  at 
either  end  ot  the  cabin  nearest  to  which  station  they  apply. 

The  height  of  box  from  rail  to  floor  level  should  be 
such  as  to  admit  of  the  signal  man  having  a  good  view  of 
the  tail  lamps  of  all  trains. 

Figure  9  illustrates  a  good  example  of  a  wooden  signal 
Cabin  showing  the  Interlocking  Apparatus  fixed  in  position. 
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SIGNAL  LIGHTING. 

Considerable  progress  has  been  made  in  connection 
with  signal  lighting  since  rape  oil  was  abandoned  in  favour 
of  petroleum,  and  with  the  advent  of  reliable  "  long 
burning  "  lamps  the  high-water  mark  of  economy  with 
efficiency  seems  to  have  been  attained.  The  type  of  long- 
burning  lamp  most  extensively  used  on  British  Railways 
is  that  made  by  the  Lamp  Manufacturing  Company 
(Fig.  I),  which  will  burn  for  about  eight  days  without 
attention  and  is  fitted  with  an  auxiliary  wick  which  does 
not  come  into  contact  with  the  flame  at  all,  but  the  upper 
part  of  which  is  coiled  round  the  main  wick  tube,  the 
latter  being  perforated  with  holes  about  5  inch  diameter. 
Burning  night  and  day,  this  lamp  consumes  about  seven 
gallons  of  petroleum  per  annum.  The  principal  advan- 
tages of  long-burning  lamps  are  their  extremely  low 
maintenance  cost  and  avoidance  of  wastage  of  oil  which 
daily  filling  of  the  lamps  involves  ;  the  fact  that  they 
are  always  alight  in  the  event  of  fog,  or  snowstorms  coming 
on ;  that  the  signals  at  switched-out  boxes  are  always 
in  evidence  to  enginemen,  and  that  risk  of  accident  to 
lampmen  is  greatly  reduced  in  consequence  of  the  signals 
only  having  to  be  visited  and  the  ladders  climbed  once 
a  week  instead  of  daily. 

Fig.  2  shows  the  Adlake  long-burning  lamp,  which 
is  also  in  great  demand.  Fig.  3  is  a  type  of  long- 
burning  lamp  brought  out  by  Messrs.  Linley  &  Co.  Fig.  4 
shows  Messrs.  Tyer  &  Co.'s  lamp  ;  a  very  good  type  of 
lamp,  and  very  largely  used  on  the  Colonial  Railways. 

Instead  of  the  signal  lamps  being  attended  to  by  the 
station  staffs,  it  is  the  best  arrangement  under  this  system 
for  a  lampman  to  be  placed  in  charge  of  a  district  embracing 
(according  to  the  extent  of  the  ground  to  be  covered) 
from  200  to  300  lamps.  A  small  corrugated  iron  or  brick 
lamp-room  about  6  ft.  by  6  ft.  should  be  provided  at  each 
station,  or  at  convenient  points  in  large  yards,  for  lamp 
cleaning  and  oil  storage  purposes. 

Lamp  sticks  ("  carriers  ")  should  be  supplied  to  the 
District  Lampmen,  on  which  they  can  carry  four  lamps, 
in  order  to  reduce  walking  as  far  as  possible.  A  pro- 
gramme should  be  drawn  up  showing  exactly  the  lamps 
to  be  dealt  with  each  day,  and  the  stations  in  the  district 
supplied  with  copies.  Spare  lamps  in  the  proportion  of 
10  per  cent,  should  be  kept  on  hand  in  the  lamp  rooms, 
and  cleaned,  filled  and  worked  round  in  turn  with  the 
other  lamps  to  obviate  difficulty  when  lamp  repairs  become 
necessary.  One  trimmed  signal  lamp  of  each  kind  in  use 
should  always  be  kept  in  the  Station  Master's  office  or 
signal  box  in  order  that  another  lamp  may  be  instantly 
available  in  the  event  of  a  signal  lamp  failing.  Any  case 
of  failure  should  be  specially  investigated,  as  this  tends 
to  keep  the  District  Lampmen  up  to  their  work — some 
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Companies  supply  Station  Masters  and  signalmen  with 
special  forms  for  this  purpose,  although  in  actual  practice 
failures  very  rarely  occur. 

As  low-grade  petroleum  will  not  answer  in  long-burning 
lamps,  the  high-grade  oil  sold  for  the  purpose  must  be 
used.  The  "  White  May  "  brand  of  the  British  Petroleum 
Company  and  the  Anglo-American  Oil  Company's  "  long- 
burning  "  oil  may  be  mentioned  as  being  extensively  used. 

In  order  to  ensure  satisfactory  results,  the  petroleum 
should  be  supplied  in  steel  casks,  as  loss  by  evaporation 
is  avoided  ;  the  casks  should  also  be  well  cleaned  out  every 
time  they  are  returned  to  the  depot  for  re-filling  purposes, 
so  that  there  is  no  interior  coating  of  glue  or  size  to  prejudice 
the  burning  qualities  of  the  oil.  The  oil  should  be  drawn 
direct  from  the  casks  into  the  lamps  through  a  tap  provided 
with  a  copper  gauze  strainer.  Once  a  month  the  lamps 
should  be  completely  emptied  of  the  residue  of  oil  left 
in  them  in  order  to  prevent  any  accumulation  of  dirt  or 
water.  The  greatest  possible  cleanliness  should  be  ob- 
served in  connection  with  the  lamps,  and  the  District 
Lampmen  should  be  provided  with  the  necessary  materials 
for  ensuring  this,  viz.,  probes  for  cleaning  burners,  methy- 
lated spirit  for  removing  discoloration  on  internal  sur- 
faces of  lamps,  and  metal  polish  for  brightening  reflectors. 

Good  results  are  obtained  by  specially  treating  the 
wicks,  i.e.,  drying  them  thoroughly  in  a  slow  oven,  plung- 
ing them  for  twenty-four  hours  in  petroleum  and  after- 
wards packing  them  in  air-tight  canisters  in  25's  or  50's 
for  despatch  to  the  District  Lampmen.  These  men 
should  also  be  supplied  with  small  pocket  tins  in  which 
they  can  carry  a  few  treated  lamp  wicks  when  on  their 
rounds.  The  total  cost  of  signal  lighting  by  long-burning 
lamps,  including  oil,  wicks  and  lampman's  wages,  should 
not  exceed  10s.  per  lamp  per  annum. 

Considerable  economies  can  be  effected  by  substituting 
long-burning  lamps  in  gas-lit  signals.  Gas  lighting  is 
very  expensive,  not  solely  on  account  of  the  cost  of  the 
gas  actually  consumed,  but  owing  to  the  perennial  expense 
involved  in  maintaining  the  necessary  gas  piping  and  the 
loss  of  gas  through  leakage  as  the  pipes  become  defective. 

Electric  lighting  for  signals  is  practically  only  followed 
at  special  places  for  particular  reasons.  It  cannot,  of 
course,  compare  with  petroleum  lighting  from  an  economi- 
cal point  of  view,  but  it  has  the  advantage  that  the  lights 
may  be  switched  on  or  off  in  groups  from  the  signal  box. 

A  new  acetylene  gas  "  flashlight  "  system  is  adopted 
in  Sweden,  and  in  various  other  countries.  By  means  of 
a  special  cylinder  containing  two  months'  supply  or  more 
of  acetylene  gas,  which  is  fixed  in  a  box  at  the  foot  of 
the  signal  post,  and  by  a  flashing  mechanism  in  the 
lamp  itself,  a  constant  succession  of  bright  flashes  is 
produced  of  any  required  periodicity.  The  manufacturers 
of  this  lamp,   which  isknown  as  the  "  Aga  "   flashlight 
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lamp,  claim  that  a  flashlight  appeals  more  to  drivers  than 
does  a  continuous  light.  The  Furness  Railway  Company 
have  a  number  of  these  lamps  already  installed  on  their 
main  line. 


Fig.   1. 


Fig.   2. 


Fig.  3. 


Fig.  4. 
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"SIGNALITE"    LONG    BURNING    LAMP. 

Tyer's  "  New  Signalite"  Lamp  has  been  specially  designed 
to  provide  a  long-felt  want  for  an  improved  signal  lamp, 
and  when  used  in  combination  with  the  Patent  Adjustable 
Bracket  the  lamp  may  easily  be  adjusted  to  the  desired 
angle  required  on  curves. 

In  the  case  of  lamps  where  the  lens  is  adjustable  there 
is  always  the  possibility  that  when  the  lamp  is  replaced 
on  the  signal  post  after  cleaning  the  adjustment  of  the 
lens  is  not  correct. 

It  will  be  noticed  from  the  illustration  that  the  lamp 
is  fitted  with  a  thermostatic  expander  to  enable  the  light 
to  be  electrically  repeated  in  the  signal  cabin,  where  a 
signal  is  out  of  view  of  the  signalman. 

This  expander  is  fitted  at  the  back  of  the  lamp  in  place 
of  the  back  light  and  back  spectacle  since,  for  such  signals, 
these  latter  two  items  are  unnecessary. 

The  Lamp  Container  holds  If  pints  of  Oil  and  will  burn 
continuously  for  over  2U0  hours. 

The  lamp  is  constructed  with  an  inner  and  an  outer 
door,  may  be  inspected  and  regulated  in  its  operative 
position  on  the  signal  post,  in  a  gale  or  rain  storm.  This 
is  made  possible,  as  the  inner  door,  which  keeps  out  the 
draught,  has  an  aperture  through  which  the  flame  is 
inspected  and  regulated  by  the  wick  winder  which  projects 
through  the  door. 

"JUSTABLE"    BRACKET. 

The  bracket  has  the  spigot  attached  to  a  plate  which 
can  be  rotated  to  the  right  or  left  and  can  be  adjusted 
without  risk  to  the  fitter. 

To  set  the  lamp  for  a  curve,  place  it  on  the  spigot  on  the 
plate,  loosen  the  lock-nuts  underneath,  rotate  the  plate 
until  the  lamp  points  in  the  desired  direction.  Tighten 
the  nuts  and  the  bracket  is  set. 

By  this  system  any  of  these  lamps  can  be  used  indis- 
criminately for  curves  or  straight  roads,  thus  doing  away 
with  the  use  of  slides  on  lamps,  the  bracket  doing  the 
work  of  the  slides. 

The  use  of  these  adjustable  brackets  admits  of  the 
'  Signalite  "  Lamps  being  perfectly  interchangeable. 


"  Signalite  " 

Long  Burning 

Oil  Lamp. 


"Justable"  Bracket 

for    "  Signalite  "    and 

other  Lamps 
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SIGNALLING  SYSTEMS. 

Signalling  systems  can  be  divided  into  three  groups, 
viz.,  manually  operated,  power  operated,  and  those  with 
power-operated  signals  and  manually-operated  points. 

MANUAL  SYSTEMS. 

The  essential  feature  of  all  these  is  the  movement  of 
points  and  signals  by  the  Signalman  pulling  or  pushing 
a  lever  or  levers 

There  are  many  systems  available  differing  greatly  in 
detail,  but  all  endeavouring  to  obtain  low  first  cost, 
reliability,  easy  operation  and  cheap  maintenance. 

The  principal  railways  have  their  own  systems  and 
construct  and  maintain  their  own  apparatus. 

Some  of  the  principal  firms  manufacturing  signalling 
plant   are  : — 

Tyer  &  Co.,  Ltd. 

Stevens  &  Sons,  Ltd. 

Westinghouse  Brake  &  Saxby  Signal  Co.,  Ltd. 

The  separate  points  of  a  signalling  system  will  be  con- 
sidered  in   detail, 

RODS   AND   WIRES. 

To  connect  the  lever  to  points,  round  solid  rod,  tube 
narrow  channel  and  *'  T "  iron  are  employed.  This  is 
known  as  rodding.  Where  the  rodding  has  to  leave  the 
Signal  Box,  a  bell  crank  is  provided.  To  operate  signals 
stranded  steel  or  iron  wire  is  employed.  At  corners  grooved 
pulley  wheels  are  fixed,  and  a  chain  or  flexible  steel  cable 
is  joined  into  the  wire  and  passes  over  the  wheel.  Coil 
springs  are  now  often  inserted  at  the  signal  and  in  the  box 
to  lake  any  jar. 

The  rods,  which  are  usually  in  16-ft.  lengths,  are  joined 
togetfier  by  bolts  or  screwed  unions.  In  one  system  the 
ends  are  flattened  out  in  a  drop  stamp,  and  bosses  and 
recesses  are  left  which  fit  together.  Bolts  pass  through 
them  to  keep  them  in  place,  but  do  not  take  the  pull. 

Mild  steel  pins  are  used  in  holes  in  levers,  etc.,  and  the 
rods  end  in  a  fork  with  eyes. 

Rodding  is  carried  on  rolling  wheels,  or  journals  mounted 
in  guides  every  6  ft. 

It  is  essential  that  rodding  should  be  lined  up  so  as  to 
work  with  the  minimum  of  effort. 

Allowance  for  alteration  in  length  due  to  variation  in 
temperature  must  also  be  made.  This  is  done  by  means 
of  compensators.  Steel  wire  stretches  with  use,  as  well  as 
altering  with  changes  in  temperature,  and  adjusters  and 
tighteners  are  provided  in  the  Signal  Boxes. 
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POINTS. 

These  are  connected  together  by  stretcher  bars,  and  the 
rodding  is  attached  to  it  between  the  blades.  This  bar 
not  only  acts  as  a  means  of  moving  the  points,  but  is 
responsible   for  keeping   them   to  gauge. 

Facing  points  (Fig.  1)  are  checked  by  locking  bars, 
which  prevent  the  points  being  moved  while  a  vehicle 
of  any  kind  is  close  to  or  on  them. 

A  locking  bar  is  carried  on  brackets  attached  to  the 
under-side  of  the  rail.  Rocking  links,  one  end  hinged 
to  the  brackets  and  the  other  to  the  bar,  allow  the  required 
motion. 

The  stretcher  blade  has  two  holes  in  it.  A  plunger, 
made  to  fit  these  holes  closely,  is  operated  from  the  Signal 
Box,  in  conjunction  with  the  locking  bar,  and  the  home 
signal. 

The  operation  of  the  points  is  as  follows  : — All  signals 
are  at  "  Danger."  The  locking  bar  is  is  pulled  over,  thereby 
ascertaimng  that  the  points  are  not  occupied.  The 
plunger  is  also  withdrawn  by  the  same  lever.  The  points 
are  now  moved  over  by  another  lever.  They  must 
go  right  over  to  their  correct  position,  otherwise  the 
plunger  cannot  be  inserted  in  the  hole  in  the  stretcher 
blade  and  the  plunger  or  locking  lever  could  not  be  pushed 
back  completely  in  consequence. 

Until  this  lever  is  pushed  right  back,  no  signals  can  be 
pulled  off,  owing^to  the  interlocking  not  being  free. 

In  addition  to  the  above  check  on   the  movement    of 
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facing  points,  tacing  point  detectors  are  attached  separately 
to  the  poins. 

These    are   ot    various     types,    a    good   example   being 
shown  in  Fig.  2. 


Fig.   ?. 

Points  can  also  be  operated  by  the  medium  of  ware. 
A  good  scheme  of  wire-worked  points  patented  by  Messrs 
Tver  &  Co.,  Ltd.,  is  such  that  the  arrangement  may  be 
either  trailable  or  non-trailable.  This  means  that  in  the 
former  case  the  points  may  be  run  through  in  a  trailing 
direction,  and  the  points  not  broken  in  any  way  due  to 
the  introduction  of  a  trailable  apparatus  between  the 
operating  lever  and  the  points.  In  the  other  scheme — 
non-trailable — the  points  do  not  admit  of  being  burst 
through  in  a  trailing  direction,  as  no  trailable  apparatus 
is  fixed  in  the  run  between  the  points  and  operating  lever. 

The  diagrammatic  illustrations  (Figs.  1  and  2)  show 
quite  clearly  the  outline  of  both  schemes,  and  are  self- 
explanatory. 

With  regard  to  the  trailable  scheme,  the  operating  lever, 
when  pulled  over,  imparts  the  necessary  motion  through 
the  trailable  apparatus,  and  operates  the  scale-beam 
crank,  which  pulls  the  wire,  and  rotates  the  point  move- 
ment box.  the  result  being  that  the  points  are  reversed. 
Suitable  connecting  pieces  connect  the  wire,  which  should 
be  solid  galvanized  steel  wire — say.  No.  6  gauge.  Of 
course,  as  wire  can  only  be  pulled,  a  return  wire  has  to  be 
used.  The  special  trailable  apparatus  makes  it  possible, 
as  stated  above,  that  the  points  may  be  run  through  in  the 
trailing  direction  without  any  of  the  connections  being 
damaged.  The  mechanism  of  the  trailable  apparatus  is 
such  that  by  the  springing  arrangement  in  same  it  can  be 
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re-set  by  a  re-setting  bar  ;  thereby  rendering  the  whole  of 
the  apparatus  normal  for  the  next  time  the  operating  lever 
is  pulled.  It  is  interesting  to  nole  that  the  trailable 
apparatus  enables  the  necessary  adjustment  to  be  made 
irrespective  of  the  position  of  the  lever  in  the  frame. 

With  the  non-trailable  scheme,  it  is  net  permissible  for 
the  points  to  be  run  through  in  the  trailing  direction.  It 
might  appear  somewhat  questionable  as  to  the  desirability 
of  installing  a  non-trailable  scheme  when  safeguards  can 
be  adopted  :  but  certain  railway  companies  lay  down 
strict  rules  regarding  the  bursting  of  points,  and  it  is  to 
conform  to  this  regulation  that  non-trailable  apparatus 
has  been  designed.  At  the  same  time  efficient  electric 
detection  can  be  introduced  so  that  the  signalman  may 
know  exactly  the  state  of  the  points  should  anything 
untoward  take  place  during  the  movement  of  the  operating 
lever. 


Interlocking  Apparatus  for  Wire  Worked  Points. 
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POINT  ROD  COMPENSATION. 

Three  typical  examples  will  be  taken  and  the  reasoning 
traced.  Before  proceeding,  with  the  examples  it  will  be 
useful  to  mention  a  few  rules  in  order  to  clearly  grasp  the 
mathematical  formulae  that  have  been  adopted  in  the 
examples  following  : — - 

.\ccurate  compensation  must  take  place  between  the 
signal  box  and  the  first  pair  of  points ;  neglecting  theore- 
tically the  second  pair  ;  then  compensate  accurately 
between  the  first  and  second  pair  of  points  as  though  the 
connection  to  the  signal  box  were  non-existent. 

Whenever  possible,  compensation  is  best  carried  out  by 
ordinary  cranks,  as  shown  in  Fig.  3,  as  when  an  ordinary 
2- way  crank  gives  a  reverse  motion — pull  to  push,  or  push 
to  pull — it  becomes  a  compensator  (as  at  B.C.  in  Figure  2), 
all  compensators  changing  the  direction  of  motion. 

If  a  compensator  cannot  be  fixed  in  its  proper  position  it 
should  not  exceed  12  feet  out  of  its  original  place.  It  is  not 
usual  to  compensate  for  very  short  distances,  say,  under 
3,)  feet.  If,  however,  the  point  rodding  is  under  shelter, 
in  a  station  or  covered  goods  yard,  this  distance  may  be 
slightly  exceeded. 

Two  rules  will  now  be  laid  down  in  the  working  out  of 
the  compensation  given  hereunder  :  — 

Rjile  1 . — To  find  distance  of  compensator  from  the  next 
crank.  Take  the  total  distance  between  the  cranks  on  each 
side  of  compensator,  add  the  lengths  of  all  cross-rods 
travelling  in  the  reverse  direction  to  that  portion  of  main 
rod  adjoining  crank  from  which  measurement  is  to  be  taken  ; 
deduct  the  lengths  of  all  cross-rods  which  travel  in  the 
same  direction  to  it,  and  divide  the  total  by  2.  See 
examples  below. 

Rule  2. — As  the  expansion  of  the  rods  on  each  side  of  a 
compensator  must  be  equal,  it  follows  that  in  Figure  1 
A  to  D  must  be  the  same  distance  as  E  to  H,  and  the  com- 
pensator must  be  fixed  midway  between  A  and  H.  But 
when  the  cross-rod  does  not  travel  in  the  same  direction 
as  the  adioining  main  rod,  the  crank  compensates  for  a 
portion  of  the  main  rod  up  to  the  neutral  point  (which  is 
at  a  distance  from  the  crank  equal  to  the  length  of  cross 
rod)  and  the  compensator  must  be  fixed  midway  between 
the  neutral  point  and  the  other  end  (or  the  second  neutral 
point).  Then  in  Figure  1  H.G.  must  equal  F.X.  and  the 
compensator  J.K.  fixed  halfway  between  X  and  N.  In 
Figure  3,  F  X.  is  equal  to  G.H.,  the  compensator  is  the 
crank  D.B.  which  changes  the  motion,  and  X.B.  must 
equal  CD. 

The  mathematical  formulae  for  working  out  the  distance 
for  fixing  of  compensators  for  Fig.  1  are  as  follow  : — 

252  +  7— in 
By  Rule   1  :    CD.    =     2 =    ^^4^  yards. 

252—7  +  10 
E.F.    = rr^ =    127A 
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60  +  7  +  M 

Fj-  = 2j — '  —  ^'^^  y^^^ 

60— 7—1  .V 
K.L.   = 2 ""=      25f        „ 

252  +  7  +  10 
By  Rule  2:  A.toD.= ^ =    ^^-^l   yards. 

E  to  H  =  A.  to  D  as  given  above. 

60— 7  +  lJ 
F.X.  =  H.G..-.X.J.  = 2 =   27i  yards. 

K.  to  N.  =  X.J.  as  given  above. 
The  mathematical  formulae  for  working  out  the  distance 
for  fixing  of  compensators  for  Fig.  2  are  as  follow  : — 

252  +  7  +  10 
By  Rule   1:    CD.    = 7^ =    1341   yards. 

252—7—10 
E.F.    = 7y =    117i        ,, 

60+7  +  1 .'. 
F.J.    = 2 ^=      ^-^r       . 

60— 7— IJr 
K.L.   = 2 '~  =      255       „ 

252—10+7 
By  Rule  2  :    A.B.=C.X.  .-.  X.D.  ^ ^ =1241  yds. 

E.  to  H.  =  X.  to  D.,  as  given  above. 

60—7  +  11 
F.X.  =  H.G.  .-.X.J.  = 2 '~~=   27^^  yards. 

K.  to  X.  =  X.J.,  as  given  above. 

The  mathematical  formula  for  working  out  the  distance 
for  fixing  of  compensators  for  Fig.  3  are  as  follow  : — ■ 

252+10—7 
By  Rule   1  :    CD.    = ^ =    1271  yards. 

252  +  7—10 
E.F.    = 2 =    ^241     „ 

60—7—11 
F.J.    =    2 "=      25f     „ 

60+7  +  U    _ 
K.L.   — 2 =      ^^h    ,> 

252—7  + 10 
By  Rule  2  :   X.F.  =  G.H.  .-.CD.  = ^ =  1271  yards 

B.  to  X.  =  CD.,  as  given  above. 

60—11  +  7 
X.L.  =  M.N.  .-.  H.J.  = 2^ =  32|  yards. 

K.X.  =   H.J.,  as  given  above. 
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NOTES  ON  INTERLOCKING. 

The  iuterlocking  of  switches  and  signals,  although  not 
generally  known  outside  the  railway,  is  one  of  the  most 
important  branches  of  signal  engineering,  and  perhaps  a 
few  notes  may  prove  of  interest  on  account  of  the  very 
important  part  it  plays  in  regard  to  safety  in  travel  and 
also  the  great  facility  with  which  shunting  movements  can 
be  expeditiously  carried  out  without  fear  of  mishap  due  to 
mechanical  or  electrical  failure. 

There  are  many  things jto  be  taken  into  consideration, 
e.g.,  the  nature  of  the  layout,  minimum  trathc  requirements 
and  best  method  to  give  the  maximum  amount  of  train 
movements  at  one  time  combined  with  absolute  security. 

Broadly  speaking,  layouts  may  be  divided  into  three 
heads  : 

A.  Running  roads  with  through  shunts  and  siding  accom- 
modation.    Single  lines  with  passing  places. 

B.  Junctions  and  level  crossings. 

C.  Stations,  termini  and  shunting  yards. 

The  best  way  of  considering  each  will  be  to  take  a 
typical  example  and  deal  with  the  parallel  movements  in 
each  instance,  and  at  the  same  time  making  this  clear  by 
showing  the  table  of  interlocking  as  reasoned  out  according 
to  the  movements  required  by  the  traffic  department. 

It  must  be  understood  that  every  layout  cannot  be  ideal 
on  account  of  the  natural  obstructions  that  occur,  such  as 
boundaries,  buildings,  etc.,  that  prevent  the  laying  down 
of  better  facihties. 

In  Figure  1  is  illustrated  an  example  of  a  double  line  of 
way  with  through  shunts,  siding  accommodation  and  level 
crossing  gates.  The  complete  locking  table  is  shown  and 
it  will  be  seen  that  all  conflicting  signals  are  effectively 
interlocked  with  each  other,  and  all  possible  colliding  or 
converging  movements  guarded  against. 

Figure  2  is  an  illustration  of  a  passing  place  with  Up  and 
Down  platforms.  The  interlocking  is  self-explanatory 
.'Kid  can  be  followed  from  the  locking  table. 

Figure  3  shows  junction  of  branch  with  main  line. 
Lock  bars  are  shown  fitted  to  each  end  of  through  shunt 
to  enable  a  passenger  train  to  be  diverted  from  the  up 
main  to  down  branch  line. 

Apart  from  the  fundamental  principles  governing  the 
rules  for  the  Interlocking  of  any  lay-out,  the  same  depends 
in  a  very  great  measure  upon  the  local  traffic  requirements 
at  any  specific  Signalling  Installation  and,  therefore,  it  is  a 
somewhat  difficult  matter  to  lay  down  any  hard  and  fast 
rules  with  regard  to  saying  what  should,  or  should  not, 
be  done  at  any  particular  place. 

The  ordinary  rules  regarding  Interlocking,  of  course,  are 
so  well-known  that  it  seems  hardly  necessary  to  recapitu- 
late them. 
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Distant  Signals  must  be  released  by  their  respective 
Home,  Starting  and  Advance  Signals  in  the  same  direction. 

All  Conflicting  Signals  must  interlock  one  another,  either 
through  themselves,  or  through  the  medium  of  the  points 
and  bars. 

Another  point  to  be  aimed  at  in  locking  up  a  frame  is  to 
take  care  that  a  centre  lever  has  not  to  be  released  by  the 
ones  on  either  side,  which  in  the  case  of  a  4 -in.  pitch  frame, 
is  most  difficult  to  pull  over  ;  especially  if  the  Signalman 
is  short  of  stature^^.g.  2  should  not  be  released  by  1  and  3. 

The  whole  idea  of  Interloc;<.ing  lies  in  the  fact  that  no 
conflicting  movements  can  be  given  by  the  Signalman 
which  might  bring  about  two  or  more  trains  colliding  either 
in  a  direct,  converging  or  broad-side  manner. 

The  following  axioms  might  prove  useful  when  dealing 
with  the  Interlocking  between  the  signals,  points  and  bars, 
when  such  occasions  arise,  similar  to  those  laid  down 
hereunder.  Where  the  word  "  dead  "  is  used,  this  implies, 
of  course,  absolute  ;  "  B/w  '  implies  '"  both-ways  " 
Interlocking  :  — 

A  Signal  locks  a  Facing  Bar  (B/w)  behind  it,  if  the  Bar  is 
preceded  by  another  Signal,  which  is  released  by  the 
Bar,  and  thus  ensures  the  Bar  being  over. 

A  Signal  is  released  by  a  Facing  Bar  behind  it,  if  the  Bar 
is  not  preceded  by  a  Signal  to  do  the  above. 

A  Signal  locks  a  Trailing  Bar  (B/w)  behind  it  to  allow  of 
more  movement  if  the  Bar  is  either  a  Trailing  Bar  to 
a  one  or  two-way  road  on  a  parallel  line  to  the  one  the 
Signal  refers  to.  But  if  the  Bar  is  a  Trailing  Bar  to  a 
one  or  two-way  road  on  the  same  line  it  will  be  locked 
dead.     This  saves  locking  Signal  with  Signals  facing  it. 

A  Signal  locks  a  TraiUng  Bar  before  it  Dead. 

A  Signal  locks  Trailing  Points  behind  it  (B/w)  unless  one 
of  the  roads  is  not  used  for  that  Signal,  when  it  locks 
Trailing  Points  dead. 

A  Signal  locks  Trailing  Points  before  it  dead. 

A  Signal  may  be  released  conditionally  by  the  Trailing 
Points  behind  it. 

If  the  Facing  Points  are  only  the  Facing  end  of  the  Cross- 
over Road,  the  Trailing  end  of  which  the  Signal  locks 
(B/w)  it  follows  that  the  Facing  end  will  necessarily 
be  locked  (B/w)  as  the  two  ends  are  numbered  alike. 
But  a  real  Facing  Point  with  Lock  Bar  is  never  locked 
(B/w)  by  the  Signal  ahead  of  it,  nor  is  it  required  to  be 
locked  at  all,  as  the  Bar  does  that. 

The  figure  on  page  53  shows  a  system  of  Locking  Bars 
in  connection  with  a  portion  of  a  lay-out,  from  which,  by 
the  table,  it  will  be  seen  that  no  Interlocking  takes  place 
between  the  Bars  when  they  read  for  conflicting  direc- 
tions, but  is  done  by  the  signal  running  over  same  ;  and 
this  appears  to  be  the  best  method  of  dealing  with  rather 
intricate  installations  of  this  kind. 
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At  the  same  time,  the  freedom  of  parallel  running  must 
not  be  curtailed  to  obtain  this  end,  as  one  can,  by  means 
of  special  Interlocking,  get  the  greatest  facilities  of  running 
movements  with  absolute  safety  out  of  the  lay-out  that 
is  being  locked  up,  which  is  very  necessary  in  important 
vard  and  intricate  junctions. 
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The  figure  below  shows  types  of  special  tappet  locking 
for  Single  Plunger  Interlocking  Apparatus,  and  these  should 
prove  very  useful  in  determining  the  getting  out  of  various 
combinations  required,  these  being  varied  as  circumstances 
demand. 

Another  form  of  special  Interlocking  is  that  known  as 
Self-locking,    whereby,    the    Signalman    is    bound    to    go 
through  certain  movements,  which  prove  to  him  that  a 
train  is  not  standing  at  a  certain  point  in  that  section. 
The  following  is  a  brief  description  of  a  Self-locking  installa- 
tion : —  This  system  of  Interlocking  has  been  designed  to 
deal    effectively    with    rather   difticult    conditions    laid 
down  in  respect  of  Sell-locking,  where  a  lever  cannot 
be  pulled  over  in  the  Signal  Frame  until  another  lever 
has   been   operated   to   its   full   extent,    and   when    the 
former  has  been  put   back   to  its  normal  position,   it 
becomes  self-locked,  and  cannot  be  again  pulled  until 
the  other  lever  has  been  put  back  to  normal. 
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Assuming  for  instance,  that  a  signal  lever  and  a  fouling 
bar  lever  are  to  be  interlocked  under  these  conditions, 
three  parallel  bridle  bars  are  arranged  at  right  angles 
to  the  lengths  of  the  levers  and  are  connected  by  a  beam 
lever  centred  on  the  middle  bar,  each  end  of  the  beam 
being  held  between  blocks  secured  to  the  inner  and 
outer  bridle  bars  respectively.  If  the  outer  bridle 
bar  is  locked,  any  longitudinal  movement  of  the  inner 
bar  will  carry  with  it,  though  to  a  less  extent,  the  middle 
bar.  If  the  inner  bar  is  locked,  a  longitudinal  move- 
ment of  the  middle  bar  will  cause  a  displacement  in  the 
same  direction  of  the  outer  bar.  The  signal  lever  is 
locked  in  the  normal  position,  for  example,  by  a  pawl 
engaging  in  the  ratchet  teeth  of  a  plunger  attached 
to  this  lever. 

Before  the  signal  lever  can  be  released,  the  fouling  bar 
lever  must  be  pulled  over  ;  suitably  disposed  bevelled 
blocks  on  a  plunger  of  this  lever  then  displace  the 
inner  bridle  bar  and  with  it  through  the  beam  lever  the 
middle  bar,  the  upper  bridle  bar  being  locked  by  the 
abutment  of  a  block  secured  to  it  against  a  projection 
of  the  said  plunger.  The  displacement  of  the  middle 
bridle  bar  releases  the  pawl,  when  the  fouling  bar  has 
been  pulled  over  to  its  full  extent  and  allows  the  signal 
lever  to  be  pulled  over,  whereupon  by  the  action  of  a 
suitably  disposed  bevelled  block  on  the  plunger  of  this 
lever,  the  middle  bridle  bar  is  moved  back  to  its  original 
position  and  carries  with  it  the  outer  bar,  the  inner  bar 
being  now  locked  against  movement  and  acting  as  the 
fulcrum  of  the  beam  lever.  The  backward  displacement 
of  the  middle  bar  causes  the  pawl  to  again  engage  with 
the  ratchet  teeth  on  the  plunger  of  the  signal  lever. 
When  the  signal  lever  is  restored  to  its  normal  position, 
the  pawl  is  still  in  engagement  with  the  ratchet  teeth 
and  the  lever  is  locked,  even  if  not  put  back  fully  to 
its  correct  position,  and  cannot  be  again  released  until 
the  fouling  bar  lever  has  been  returned  to  normal  or 
again  pulled  over.  Blocks  disposed  on  the  signal  and 
fouling  bar  levers  engaging  with  grooves  in  the  bridle 
bars  prevent  any  displacement  of  these  bars,  when  the 
locking  blocks  have  left  their  respective  abutments. 

When  the  fouling  bar  lever  is  restored  to  normal,  the 
bridle  bars  are  returned  to  their  original  positions. 

Instead  of  connecting  the  bridle  bars  by  a  beam  lever,  a 
roller  may  be  inserted  between  inclined  surfaces  of 
members  operated  by  the  bevelled  surfaces  of  blocks 
secured  to  the  inner  and  outer  bridle  bars,  the  rollers 
abutting  with  one  end  of  the  middle  bridle  bar. 
This  form  of  Tyer's  Self-lever  locking  can  also  be  adapted 

— not  only  to  Duplex  Plunger  Interlocking  Apparatus  on 

which  this  locking  is  now  lixed,   but  to   direct  plungers, 

cam  triggers,   or  other  types  of  mechanism  for  operating 

levers. 


Tyer"s  Patent  Special  Interlocking  Mechanism. 
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INTERLOCKING  FRAMES. 

Types  of  Locking. — There  have  been  many  kinds  of 
interlocking  in  use  at  different  times  on  the  railways  of 
Great  Britain,  but  locking  on  the  tappet  principle  has 
outlived  all  other  kinds  and  may  be  truly  said  to  be  the 
survival  of  the  fittest. 

Figs.  1  and  2  illustrate  the  method  of  tappet  locking.  The 
channels  in  which  the  tappets  lie  are  omitted  for  clear- 
ness. Tappet  locking  is  readily  adaptable  to  the  require- 
ments of  special  locking,  which  is  commonly  effected  by 
allowing  one  or  more  plungers  to  slide  laterally.  Such 
plungers,  however,  cannot  do  any  other  locking,  and  hence 
sliding  plates  or  tappets  are  often  employed.  Fig.  3 
shows  examples  of  special  locking  employing  loose  and 
sliding  tappets.  In  other  types,  L-pieces  and  special 
swinging  pieces  are  used  (Fig.  4). 

Another  class  of  locking  is  known  as  "  check  locking," 
its  purpose  being  that  after  a  certain  lever  has  been  re- 
versed and  put  back,  it  cannot  be  pulled  again  until 
another  lever  has  been  reversed  and  put  back.  It  may 
be  applied  to  home  and  starting  signal  levers,  but  must 
then  be  provided  with  a  releasing  key. 

Actuation  of  Locking. — There  are  two  alternative 
principles  on  which  the  interlocking  in  a  frame  is  actuated. 
One  is  preliminary  latch-locking  or  catch-handle  locking, 
and  the  other  is  lever-locking.  In  the  first  system,  all 
the  necessary  conflicting  locking  is  done  before  the  lever 
itself  is  moved  at  all,  while  levers  to  be  released  are  not 
freed  until  the  releasing  lever  is  not  only  reversed,  but 
properly  latched,  and  undue  pressure  cannot  be  put  on 
the  interlocking,  because  the  signalman,  being  unable  to 
lift  the  catch,  is  unable  to  move  the  lever. 

The  principal  advantage  of  lever-locking  is  that  the 
operating  mechanism  is  stronger  and  more  substantial, 
while  in  very  big  frames  the  required  travel  can  bp  im- 
parted to  the  interlocking  with  much  greater  ease.  This 
system  is  that  principally  employed  in  Great  Britain. 

In  America,  manual  interlocking  machines  are  almost 
wholly  of  the  preliminary  latch-locking  type. 

Travel  of  Plungers. — When  the  plungers  are  operated 
directly  off  the  lever,  it  will  not  generally  be  possible  to 
arrange  for  more  than  two  rows  of  locking  channels,  or 
at  the  most  three,  owing  to  the  difficulty  of  spacing  the 
notches  so  as  to  ensure  that  no  wrong  tappets  enter  and 
prematurely  lock  the  lever.  The  usual  preventive  method 
adopted  is  to  make  the  tappets  in  the  adinining  channels 
different  sizes. 

The  difficulty  will,  however,  entirely  disappear  if  the 
travel  of  the  plunger  is  short  and  less  than  the  pitch  of 
the  channels,  but  this  reduced  travel  cannot  be  obtained 
by  placing  the  plunger  low  down  on   the  lever,   as 'the 
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locking  would  be  smashed  by  the  enormous  leverage  that 
could  be  exerted  upon  it.  The  plunger  must  therefore  be 
connected  to  the  lever  high  up  and  reducing  travel  device 
employed. 

Position  of  Lever  in  Latch-Lockihg. — In  frames 
employing  preliminary  latch-locking,  it  is  essential  that 
the  mechanism  registers  the  actual  position  of  the  lever, 
i.e.,  that  it  ensures  that  the  lever  is  correctly  normal  or 
reverse,  as  the  case  may  be.  The  methods  adopted  vary 
and  are  described  later. 

Pitch  of  Levers. — The  pitch  of  the  levers  ranges  from 
4  in.  to  6  in.  Although  6  in.  pitch  gives  more  space  to 
the  signalman,  it  is  unquestionably  better  to  adopt  a 
4-in.  pitch  in  order  to  reduce  the  total  length  of  the  frame 

Essential  Features. — To  secure  an  efficient  inter- 
locking frame,  there  are  several  points  to  be  remembered. 
It  should  have  :— (a)  The  simplest  possible  construction  ; 
(b)  As  few  pins  between  the  locking  and  latch-handle 
(or  lever)  as  possible  ;  many  pins  eventually  mean 
"  lost  motion,"  which  results  in  slack  locking  ;  (c)  Inter- 
locking easily  and  quickly,  accessible  for  inspection,  clean- 
ing and  repairs  ;  (d)  Large  wearing  surfaces  ;  (c)  Strict 
interchangeability  and  independency  ;  this  greatly  facili- 
tates alterations  and  extensions. 

TYPES  OF  INTERLOCKING   FRAMES. 

Tver  &  Company  (English  and  Colonial  Patterns). — 
Messrs.  Tyer  &  Company  manufacture  both  duplex  and 
single  plunger  t^TDes  of  interlocking  frames,  their  well- 
known  19.19  single  plunger  type  (Fig.  4a)  being  used  practi- 
cally throughout  the  whole  of  the  Straits  Settlements. 
The  great  advantage  of  the  single  plunger  19ii9  pattern 
is  the  fact  that  owing  to  the  lever  being  fixed  in  a  shoe 
it  can  easily  be  detached  if  necessary  and  taken  out  with- 
out interfering  with  any  other  part  of  the  frame.  Another 
great  featu;3  of  this  frame  is  the  ease  with  which  electric 
locking  apparatus  can  be  fixed  thereto  for  lock  and  block 
working,  etc.  Messrs.  Tyer  have  also  a  very  neat  arrange- 
ment with  regard  to  electric  locking  where  their  ground 
frames  are  employed,  and  the  illustration  (Fig.  4b)  shows 
this  quite  clearly. 

Saxbv  &  Farmer  (English  Pattern). — Fig.  5  illustrates 
the  Saxby  &  Farmer  duplex  plunger  catch-handle  locking 
frame.  Two  plungers  are  fitted  one  above  the  other  in 
each  locking  channel. 

The  upper  plunger  is  connected  directly  to  the  lever, 
but  is  too  low  down  for  effective  locking,  being  merely 
to  register  the  correct  position  of  the  lever.  The  lower 
plunger  is  actuated  by  the  latch  and  does  the  locking. 
VVithout  the  registering  plunger  the  latch  could  be  locked 
m  the  wrong  position. 

The  pitch  of  the  levers  is  4  in. 
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American  Pattern. — -Saxby  &  Farmer  interlocking 
machines  are  very  largely  used  in  the  United  States,  and 
a  peculiar  form  of  tappet  locking  is  employed  in  con- 
junction with  the  well-known  slotted  plates  and  rockers 
(Fig.  6).  The  locking  bars  are  driven  by  drivers  attached 
to  the  rockers  and  the  interlocking  is  effected  by  "dogs," 
which  are  riveted  to  the  locking  bars,  engaging  with 
cross  locks. 

Figs.  7  and  8  show  a  Saxby  &  Farmer  "  dog  "  chart.  The 
horizontal  lines  represent  locking  bars,  the  small  circle 
drawn  on  the  line  showing  by  which  lever  the  bar  is  worked 
and  where  the  connection  is  made.  The  cross  locking  is 
represented  as  being  placed  close  to  the  "  dog  "  by  which 
the  locking  is  performed.  For  special  locking,  a  swing 
"  dog  "  is  employed  (Fig.  8). 

It  may  be  mentioned  that  this  type  of  interlocking  is 
also  used  in  the  Westinghouse  electro-pneumatic  inter- 
locking frames. 

McKenzie  &  Holland. — For  many  years  the  standard 
frame  of  this  firm  was  the  well-known  cam  and  shaft  type 
employing  lever-locking.  A  great  advantage  was  claimed 
for  it  in  the  ease  and  readiness  with  which  a  lock  could  be 
added  or  removed  without  interfering  with  the  rest  of  the 
interlocking.  Tappet  lever-locking  is  employed  in  their 
present  standard  frame,  travel  being  imparted  to  the 
plunger  by  a  cam  (Fig.  9.)  The  total  travel  is  2^  in., 
made  up  of  two  travels  of  1 J  in.     The  levers  are  4  in.  pitch. 

DuTTON. — This  pattern  frame  employs  catch-handle 
locking  and  only  one  plunger  instead  of  two,  as  in  the 
Saxby  &  Farmer  frame.  Travel  is  imparted  to  the 
plunger  from  the  latch  by  means  of  a  slot  and  sliding 
pin.  The  total  travel  of  the  plunger  is  If  in.  and  the  pitch 
of  the  locking  channels  2|  in.  The  latch-handle  is  large 
and  powerful  and  the  locking  troughs  are  inclined  at  an 
angle  of  45°,  which  greatly  facilitates  examination  or 
alteration. 

Great  Western  Railway. — Figs.  10  and  11  illustrate  the 
standard  tappet  locking  frames  used  on  this  railway.  The 
travel  of  the  plunger  is  reduced  by  the  cam  to  li  in.  made 
up  of  two  travels  of  |  in.  and  the  pitch  of  the  locking 
channels  of  1|  in.  The  cam  plate  and  stud  are  mild  steel 
and  the  stud  bearing  plates  gun-metal,  an  arrangement 
which  has  ben  found  to  give  remarkably  little  wear. 
The  pitch  of  the  levers  is  4  in.,  although  5;^  in.  is  occasionally 
used. 

London  &  North-Western  Railway. — The  Webb  inter- 
locking frame,  which  was  formerly  the  Company's  standard 
frame,  is  still  in  extensive  use  on  that  system.  A  form  of 
stud  locking  arranged  vertically  is  employed,  actuated 
by  a  tumbler  on  the  lever-locking  principle.  In  the  present 
standard  catch-handle  locking  frame  tappet  locking  is 
used. 
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The  catch  employed  (Fig.  12)  is  peculiar  both  in  design 
and  operation,  no  spring  being  employed.  The  signal- 
man depresses  the  handle  to  raise  the  latch  and  when  he 
afterwards  releases  the  handle,  the  latch  falls  into  the 
correct  position  by  its  own  weight.  The  latch  is  in  the 
form  of  a  heavy  drop  box  which  engages  with  a  radius 
plate  on  the  quadrant. 

North  Eastern  Railway. — This  Company's  frame  is  a 
good  example  of  a  class  of  locking  frame  in  which  the 
plunger  is  driven  directly  oflf  the  lever  without  any 
reducing  travel  device  (Fig.  13).  The  stepping  arrange- 
ment of  the  locking  troughs  allows  of  easy  inspection. 
The  tappets  are  of  different  shapes  for  each  channel  to 
avoid  conflicting  notches  and  tappets. 

The  Railway  Signal  Co.'s  and  Stevens  &  Sons'  frames 
are  also  of  this  class. 

MAINTENANCE. 

Interlocking  frames  require  periodical  overhauling  and 
cleaning,  but  it  is  impossible  to  lay  down  any  rule  as  to 
how  often  this  must  be  done,  because  circumstances  are  so 
different.  In  some  manufacturing  districts  the  state  of  the 
atmosphere  is  such  that  very  frequent  cleaning  is  required, 
while  at  big  centres  the  frames  require  frequent  clean- 
ing and  overhauling  on  account  of  the  heavy  work  to  which 
they  are  put.  The  Signal  Inspector,  being  well  acquainted 
with  the  conditions  in  his  district,  should  be  made  re- 
sponsible for  seeing  that  the  frames  are  cleaned  as  often  as 
may  be  necessary  and  that  the  locking  is  kept  correct  and 
in  good  working  order. 
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NEW  SPLIT    ROCKER^FRAME. 

A  very  neat  and  ef&cient  locking  frame  embodying  catch 
handle  locking  has  been  devised  by  Messrs.  Tyer  &  Com- 
pany, which  includes  a  split  rocker,  this  allowing  a  very 
free  and  easy  motion  in  operating  the  levers.  A  brief 
description  of  working  is  as  follows  :  — 

Raising  the  Catch  Rod  lifts  the  rocker  into  a  true  radius 
for  the  die  to  pass  through  slot  in  rocker  and  moves  the 
locking  plunger  half  stroke.  Fig.  A  shows  the  lever  in 
its  normal  position.  Fig.  B,  the  lever  half  over;  and  Fig. 
C.  the  lever  in  the  over  position  with  the  locking  completed. 
The  travel  of  the  plunger  is  less  than  the  distance  between 
the  channels,  and  therefore,  one  notch  cannot  enter  another 
channel.  Two  types  of  locks  only  are  necessary  for 
ordinary  locking.  The  plungers  can  be  withdrawn,  cut 
and  replaced  without  removing  the  covers  or  disarranging 
the  locking,  allowing  alterations  to  be  made  while  traffic 
is  in  progress. 


Fig.   A. 
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Fig.  B. 


3-8f 


Fig.   C. 
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SAXBY AND  FARMER  DUPLEX  PLUNGER  INTERLOCKING  FRAME. 
Tappet  Locking. 


l"iK-  5. 


SAX  BY  AND  FARMER    INTERLOCKING  r-lACHINt 
Arranged  for  Vertical  Uadout  Tappet  Locking 


FlK.  li. 
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L&N.W.R.   TYPE  OF   CATCH-HANDLE 


N.E.R.  STANDARD    INTERLOCKIMG  FRAME. 
Tappet  Locking. 


Fi-    13. 


^ 
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SIGNAL  REPLACERS. 

It  is  often  necessary  and  desirable  that  a  signal  be 
placed  to  danger  immediately  the  train  has  passed  it, 
irrespective  of  the  signalman  putting  back  his  lever  in  the 
frame.  This  can  be  achieved  either  electrically  or 
mechanically.  A  mechanical  type  introduced  by  Messrs. 
Tyer  is  illustrated. 

A  feature  of  the  api)aratus  is  that  after  the  first  wheel 
of  the  tram  has  passed  over  the  spring  treadle,  the  latter 
keeps  down  and  does  not  spring  up  to  be  hit  by  every 
wheel  of  the  train,  and  the  replacer  is  ready  again  for 
action  after  the  signalman  has  put  back  his  Signal  Lever 
to  normal  in  his  cabin. 


7b  Signal 


Normal   Position      Lever  Normal 
Signal  ah  Danaer        Treadle   down 

Mechanical    Signal    Replactr. 


To  Lever 


Position  af>er  OperaHon  of  Treadle  by  wheel  of  train 
Lever  pulled      Signal  at  Danger      Treadle  down 

To  Lever  (!^^  To  S/gnat 


Over  Position       Lev  or  pulled 
Signal  Off      Treadle  up 

Mechanical    Signal    Replacer. 
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POWER   SIGNALLING. 

The  use  of  power  to  operate  points  and  signals  is  rapidly 
increasing. 

Complete  power-operated  signalling  systems  are  supplied 
by 

Westinghouse  Brake  &  Saxby  Signal  Co.,  Ltd. 

British  Pneumatic  Railway  Signal  Co.,  Ltd. 

A  system  in  which  the  signals  are  power  operated  and 
the  points  by  manual  effort,  is  supplied  by 

W.  R.  Sykes  Interlocking  Signal  Co.,  Ltd. 

Westinghouse   Brake  &  Saxby  Signal  Co.,   Ltd. 

The  power  used  is  usually  either  electricity  solely, 
compressed  air  controlled  electrically,  or  wholly  low- 
pressure  air.  The  first-named  is  known  as  the  "  All- 
electric  "  system,  the  second  the  "  Electro-pneumatic  " 
system,  and  the  last  the  "Low-pressure  pneumatic" 
system.  On  the  Continent  there  are  also  systems  in  use 
employing  hydraulic  power  solely. 

The  advantages  of  power-operated  systems  over  manual 
systems  are 

(a)  One  Signal  Box  can   be  used   where   two  or   three 

manual  boxes  would  be  required. 

(b)  The  yard  is  kept  clear  of  rodding  and  wires,  making 

it  safer  for  shunters,  etc. 

(c)  The  physical  effort  on  the  part  of  the  signalman 
is  reduced  to  a  minimum,  enabling  him  to  con- 
centrate his  attention  more  readily  on  his  work. 

id)  A  Signal  Box  can  be  placed  in  a  position  which  it 
would  not  be  possible  for  a  manual  box  to  occupy. 

(e)  The  Board  of  Trade  allows  facing  points  with  power 
systems  to  be  31)0  yards  from  the  box  instead  of 
250  yards,  which  is  the  maximum  with  manual 
systems,  thus  enabling  greater  latitude  when 
laying  out  the  yard. 

The  question  as  to  which  is  the  superior  power  to  use 
is  still  a  matter  of  opinion.  Perhaps  the  better  way  to 
decide  this  question  is  to  consider  the  local  conditions 
in  each  case  thoroughly. 

Where  there  is  an  ample,  reliable  and  cheap  supply  of 
electricity  available  which  can  be  readily  transformed  to 
the  required  pressure,  and  very  cold  weather  may  be 
expected  in  the  winter,  an  All-electric  system  could  be 
selected  with  safety. 

At  stations  where  a  plentiful,  steady  and  cheap  supply 
of  compressed  air  is  to  be  obtained  and  no  electricity,  and 
mild  or  equable  weather  is  usually  experienced  through- 
out the  year,  an  electro-pneumatic  system  would  have 
strong  claim. 
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Whether  all-electric  systems  are  more  reliable  than 
electro-pneumatic  depends  largely  on  the  system  selected. 
Electro-pneumatic  systems  are  simple  and  the  makers 
have  had  the  advantage  of  many  years'  experience  with 
them.  Some  all-electric  systems  are  extremely  compli- 
cated, and  have  not  been  designed  with  a  view  to  making 
the  tracing  and  clearing  of  faults  an  easy  matter,  and  are 
of  comparatively  recent  introduction. 

The  Westinghouse  electro-pneumatic  system  is  supplied 
by  Westinghouse  Brake  &  Saxby  Signal  Co.,    Ltd. 

The  lever  and  interlocking  frame  is  of  the  type  shown 
in  Fig.  14.  The  small  levers  operate  the  locking  gear  and 
also  rotate  a  shaft  upon  which  electrical  contacts  are 
mounted. 

The  block  instruments  can  be  arranged  on  the  shelf 
at  the  back  of  the  levers. 

The  points  (Fig.  15)  are  operated  as  follow,  the  road 
being,  of  course,  either  normal  or  reverse,  and  the  signals 
"  on." 

The  partial  movement  of  the  point  lever  rotates  the 
contact  bar  in  the  frame,  which  closes  a  12  D.C.  circuit 
to  an  electro- magnet  air  valve.  This  valve  allows  com- 
pressed air  at  70  lbs.  per  square  inch  to  enter  a  cylinder 
and  move  a  piston  coupled  to  a  rod  connected  to  the 
point  mechanism.  The  lock  bar  is  first  lifted,  and  the 
bolt  withdrawn  ;  the  points  are  moved  over  and  bolted 
again,  and  a  return  indication  contact  made,  which  closes 
a  circuit  to  the  box  and  releases  the  check  lock.  The 
stroke  of  the  point  lever  may  then  be  completed  and  the 
interlocking  released. 

The  compressed-air  valve  remains  open  the  whole  time, 
and  the  points  are  held  in  position  by  the  air  pressure. 

Constant  detection  is  employed,  which  means  that  the 
return  indication  current  must  be  constantly  received 
at  the  box,  otherwise  the  interlocking  cannot  be  released. 
Should  the  points  be  run  through,  the  detection  contacts 
will  be  forced  apart  and  the  current  to  the  box  will  fail. 
This  would  cause  electric  locks  on  aH  the  point  levers  to 
fail,  and  in  consequence  no  movement  of  any  points  or 
signals  could  take  place.  At  the  same  time,  the  current 
would  be  cut  off  from  any  signals  which  might  be  off, 
causing  them  to  return  to  "  Danger." 

The  electric  locks  cannot  be  restored  without  the  assis- 
tance of  a  lineman.  This  ensures  the  points  receiving 
attention  before  the  locks  are  restored.  An  additional 
refinement  sometimes  fitted  is  an  electrically  illuminated 
indicator,  which  informs  the  signalman  whether  his  points 
are  normal  or  reverse. 

For  trailing  points  a  simple  mechanism  is  adopted  : 
the  piston  is  coupled  direct  to  one  of  the  point  tongues, 
and  the  detector  is  operated  by  a  connection  to  the  running 
tongue      Constant  detection  is,  of  course,  employed. 
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The  signals  and  discs  are  operated  by  compressed  air 
motors,  the  valves  being  controlled  electrically  (Fig.  15). 

Discs  are  locked  so  that  they  cannot  be  pushed  off. 

Any  failure  of  electricitv  or  air  puts  the  signals  to 
"  Danger "  and  prevents  the  interlocking  from  being 
actuated. 

When  track  circuits  are  installed  in  connection  with 
the  Home  signals,  a  special  electrical  relay  is  introduced 
which  ensures  the  signals  remaining  at  "Danger"  after 
they  have  assumed  that  position  in  consequence  of  the 
track  having  been  occupied.  The  signalman  is  com- 
pelled to  put  the  signal  lever  fully  back  before  the  signal 
can  again  be  pulled  ol^. 

Electro-pneumatic  signalling  systems  of  this  type  are 
installed  on  : — 

North-Eastern    Railway. 

Metropolitan   District    Railway. 

London  Electric   Railway,  and  at 

Glasgow,    Central   Station,    on   Caledonian    Railway, 

Slough,    Bath    Road   Junction   on    Great   Western 

Railway. 

The  adoption  of  the  upper  quadrant  signal  (Fig.  16)  in 
the  place  of  the  common  lower  quadrant  arm  is  usual  in 
modern  power  signalling  installations.  The  advantage 
of  the  former  is  that  the  weight  of  the  arm  itself  causes 
it  to  drop  to  the  "  Danger  "  position,  whereas  with  the 
usual  form  of  arm,  a  counterbalance  weight,  such  as  an 
extra  heavy  spectacle  casting,  has  to  be  attached  to  it  to 
ensure  it  returning  to  "  Danger  "  in  the  event  of  a  break- 
age of  rods  or  wires. 


ALL-ELECTRIC    SYSTEMS. 

One  of  the  largest  all-electric  signal  installations  is  that 
belonging  to  the  Great  Western  Railway  at  Birmingham 
(Snow  Hill  Station). 

There  are  two  Signal  Boxes,  one  containing  224  levers, 
189  working,  35  spare,  and  the  other  96  levers,  75  working, 
21  spare. 

The  electricity  used  is  direct  current  at  14Ci  volts, 
obtained  from  the  Birmingham  Corporation  as  alternating 
current  and  converted  by  the  G.W.R.  Two  3()(i  A.H. 
accumulator  batteries  are  installed,  one  being  used  at  a 
time  to  furnish  signalling  current. 

The  locking  frames  are  comparatively  small,  the  pitch 
oflthel  levers  being  2  in.  and  their  height  overall  4S  in. 
(Figs.  17  and   18). 

The  levers  are  not  fitted  with  catch  rods.  They  operate 
the  power  switches  on  the  frame  through  rods,  and  the 
locking  gear  is  also  directly  coupled  to  them. 

The  check-lock  is  provided,  and  in  one  box  outside 
detection  is  arranged,  but  in  the  other  constant  detection 
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has  been  installed.  With  outside  detection,  the  signal 
motor  circuits  are  led  through  the  point  detectors  to 
which  they  refer.  Each  signal  is  detected  as  far  as  the 
next   in   advance. 

With  the  constant  detection,  the  current  through  the 
detectors  at  points  returns  to  the  box  and  operates  a 
route  switch  which  closes  the  signal  circuit  as  well  as 
releasing  the  check-lock. 

In  the  event  of  points  becoming  deranged,  the  detector 
breaks  the  circuit,  which  in  turn  releases  the  route  switches 
and  causes  signals  to  remain  or  go  to  "  Danger." 

A  J-H.P.  direct  current  motor  is  employed  to  move 
facing  points  (Fig.  19).  This  is  mounted  on  a  cast-iron 
box  resting  on  the  sleepers  supporting  the  rails  The 
motor  by  worm  gearing  and  a  friction  clutch  drives  a  disc 
through  32  1  degrees.  On  this  disc  is  a  pin,  which  is 
inserted  in  the  end  of  a  rod.  The  rotation  of  this  disc 
imparts  a  forward  and  then  backward  movement  to  the 
rod.  The  other  end  of  the  rod  is  attached  to  a  lever  fixed 
to  a  shaft  lying  at  right  angles  to  the  rails.  The  shaft 
in  turn  rocks  and  then  returns  to  its  original  position. 
The  locking  bars  and  plunger  are  coupled  to  another  lever 
attached  to  this  bar,  and  so  are  moved  by  it. 

The  points  are  moved  over  by  an  escapement  crank. 

It  is  possible  to  reverse  the  motor  at  any  position  of 
the  points. 

There  is  one  detector  for  both  tongues  and  the  plunger, 
and  until  all  contacts  are  "  making  "  a  check  lock  cannot 
be  obtained. 

For  trailing  points  a  J-H.P.  direct  current  motor  is 
used,  and  a  crank  moving  through  150°  is  coupled  direct 
to  them. 

The  friction  clutches  provided  take  up  the  momentum 
of  the  motor  when  it  comes  to  the  end  of  its  travel,  and 
also  in  the  case  of  trailing  points  allows  them  to  be  run 
through  without  damage  to  the  point-operating  mechanism. 

The  semaphore  signals  (Fig.  20)  are  mo.  .-d  by  electric 
motors  mounted  in  cast-iron  boxes  on  the  signal  post. 
A  magnetic  clutch  couples  the  motor  to  the  signal  rod 
and  the  motor  through  worm  gear  can  only  move  the 
signal  "  off "  when  current  passes  through  the  clutch. 
This  holds  the  signal  arm  "  off  "  and  upon  the  current 
failing  the  arm  returns  to  "  Danger." 

The  motor  switches  and  detector  contacts  are  mounted 
in  a  separate  cast-iron  box  on  the  post,  and  a  rod  from 
the  arm  provides  the  necessary  movement. 

All  signals  are  lighted  by  llo-volt  lamps,  one  to  each 
signal.  Alternating  current  from  the  city  supply  is  used 
for  signal  lighting. 

Another  important  all-electric  system  is  the  Crewe 
System  in  use  on  the  L.  &  N.W.R. 

Direct  current  at  loo  volts  from  the  Local  Supply 
Company  is  employed. 
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There  are  in  use  frames  possessing  350,  152  and  95  levers. 
One  strong  feature  of  this  system  is  the  simplicity  and 
substantial  proportions  of  its  parts. 

The  lever  frame  is  arranged  in  two  tiers,  the  upper  row 
of  levers  being  for  points  and  the  lower  for  signals. 

The  locking  gear  switches  and  check-lock  magnets  are 
available  for  inspection  and  maintenance  underneath 
the  box. 

The  points  are  moved  by  a  reversible  electric  motor 
taking  2  K.W.  for  about  3  seconds.  These  motors  run  in 
ball  bearings  and  drive  a  cam  wheel  through  a  worm  wheel 
and  one  direction  clutches.  The  worm  wheel  runs  loose 
on  the  cross  shaft  to  which  the  cam  wheel  is  attached, 
and  by  means  of  the  above  clutches  the  shaft  is  caused 
to  rotate.  A  striking  gear  throws  the  clutches  out  of 
action. 

In  the  grooves  in  the  side  of  the  cam  wheel,  rollers  work 
attached  to  bell  cranks.  One  crank  works  the  points 
and  the  other  the  bolt  and  locking  bar. 

The  whole  mechanism  runs  in  an  oil  bath  A  long 
stroke  electro-magnet  requiring  1-5  K.W.  is  used  to  pull 
off  a  signal  and  2  amperes  holding-off  current  is  employed. 
By  switching  off  the  current  the  signal  goes  to  "  Danger  " 
A  similar  device  is  used  for  dwarf  signals  and  discs. 

Electric  lamps  are  employed  on  the  signals. 


ELECTRO-MECHANICAL    SYSTEMS. 

At  Victoria  Station,  London  (L.B.  &  S.C.  Railway),  a 
system  of  signalling  is  employed  which  was  installed  by 
Messrs.  Sykes  in  1909.  A  similar,  but  much  older,  instal- 
lation at  Glasgow  (St.  Enoch's)  consists  of  six  Signal 
Boxes  containing  in  the  largest  box  88  ordinary  frame 
levers  and  400  electrical  frame  levers. 

Direct  current  from  300  A.H.  accumulators  at  64  volts 
is  employed.  The  locking  and  lever  frame  is  arranged 
with  the  manual  levers  for  working  points  and  locks  in 
the  standard  manner.  Above  these  levers,  in  the  place 
usually  occupied  by  the  block  instruments,  the  electrical 
slides  are  fixed.  These  consist  of  narrow  bars  fitted  with 
a  vertical  handle.  The  signalman  pulls  the  handle  to- 
wards him  two  inches  for  "  normal  "  to  "  reverse,"  or 
pushes  it  in,  when  setting  the  signals  to  "  normal." 

NOTES  ON  THE   MAINTENANCE  OF  SIGNALLING 
APPARATUS. 

MANUAL     SYSTEMS. 

All  pins  and  bearings  should  be  oiled  and  cleaned 
regularly  on  bell  cranks,  locking  and  fouling  bars,  facing  and 
trailing  points,  pulley  wheels  and  levers.  It  is  not  neces- 
sary or  desirable  to  oil  or  grease  the  roller  guidesor  rodding. 
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A  staff  of  men  should  be  employed  to  do  this  work,  and 
they  should  be  provided  with  scrapers  (for  getting  sand 
and  dirt  out  of  the  awkward  corners),  oil  feeders  and 
good  hand  brushes. 

Signal  wires  and  stays  for  posts  should  be  regularly 
inspected  and  worn  or  rusty  places  watched  and  the 
wire  replaced  should  a  weak  spot  develop. 

A  good  maintenance  system  should  aim  at  securing 
an  absence  of  delays  to  trains  due  to  failures  of  the  gear. 

In  severe  frost,  salt  should  be  sprinkled  on  the  moving 
parts  to  prevent  them  becoming  frozen  up. 


ELECTRO-PNEUMATIC  SYSTEMS. 

All  valves,  contacts,  relays,  etc.,  should  be  regularly 
examined  and  cleaned.  Bearings  and  pins  at  signals, 
discs  and  points  should  be  cleaned  and  oiled  The  air 
pipe  and  route  should  be  watched  and  seen  that  it  is  not 
injured  or  displaced  by  permanent  way  men  when  relaying 
or  ballasting  is  in  progress. 

If  possible,  an  insulation  test  of  each  wire  should  be 
taken  every  six  months,  and  the  result  carefully  booked. 

(For  remarks  as  to  the  electric  power  plant,  see  the 
following  section) . 

If  the  air  pump  is  operated  by  another  department  it 
is  a  good  idea  to  have  a  contact  fitted  to  the  air  pressure 
gauge  hand,  which  causes  an  alarm  bell  to  ring  when  the 
pressure  drops  to  a  certain  figure. 

A  portable  voltmeter  reading  to  0-15  volts  D.C.  is 
essential  to  enable  faults  to  be  readily  traced. 


ALL-ELECTRIC  SYSTEMS. 

The  previous  remarks  as  to  careful  and  regular  cleaning 
and  oiling  of  moving  parts  equally  apply  here. 

A  knowledge  of  direct  current  power  work  is  essential, 
to  enable  faults  to  be  cleared  readily. 

The  motors  should  be  regularly  examined  and  any 
water  or  moisture  removed  from  the  interior  of  the  cast- 
iron  boxes.  The  commutator  and  brush  gear  flexibles 
to  the  brushes,  leads  and  brushes  into  the  motor  box 
should  also  be  inspected  and  adjusted  if  necessary.  Com- 
mutators should  be  kept  clean. 

Detector  contacts  must  not  be  allowed  to  become  bent 
or  worn  unduly  before  replacing,  and  damp  must  be 
rigidly  excluded. 

Condensation  sometimes  takes  place  in  unventilated 
boxes,  and  these  must  be  carefully  watched. 

The  contacts  on  the  switches  in  the  locking  frame  re- 
quire regular  inspection,  as  they  have  a  lot  of  work  to  do. 

Loose  ends  of  coils  of  all  kinds  need  watching. 
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Fie.   14. 
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Fig.   16. 
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Fig.    2U. 
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TRACK  CIRCUITS    AND  AUTOMATIC 
SIGNALS. 

D.C.  TRACK  CIRCUITS. 

There  is  little  doubt  that  the  idea  of  the  track  circuit 
originated  in  England  during  the  'sixties,  when  Mr.  W.  R. 
:^ykes  installed  an  experimental  track  at  the  Crystal 
Palace  Station.  It  was  not,  however,  a  success  and 
nothing  further  was  done  in  England  for  many  years 
D.C.  track  circuits  were  introduced  in  America  in  1879 
and  are  now  employed  on  a  very  large  mileage.  The  first 
practical  installation  in  this  country  was  in  1901  on  six 
miles  of  double  line  between  Grateley  and  Andover  on  the 
L.  &  S.W.  Railway.  Since  then  progress  has  been  con- 
tinual. 

Figs.  1  and  2  show  simple  track  circuits.  A  double 
rail  track  is  more  expensive  than  a  single-rail,  but  is  less 
liable  to  failure  and  should  be  installed  whenever  possible. 
In  some  cases,  however,  as  noticed  later,  single-rail  tracks 
only  are  permissible.  The  relay  should  be  located  at  the 
entering  end  of  the  section.  If  at  the  leaving  end,  it  will 
not  release  so  quickly. 

Relays  and  Batteries. — The  pick-up  and  drop 
values  of  relays  vary  with  different  makes,  but  in  no 
instance  should  the  drop  be  less  than  50  per  cent,  of  the 
pick-up — 60  per  cent,  is  a  better  figure.  With  some 
makes  it  is  higher  than  this,  which  is  a  great  advantage 
The  pick-up  value  should  be  kept  low.  Except  under 
special  circumstances,  two  grades  of  relay  should  only  be 
used  :  9w.  and  4w.  Whenever  possible,  the  former 
should  be  employed,  as  a  more  sensitive  shunt  is  obtained. 
With  a  ballast  resistance  of  3w.  and  less,  the  4w.  relay 
should  be  used  ;  otherwise,  the  battery  output  is  excessive. 
When  adjusting  a  circuit,  it  is  usual  to  allow  a  relay  cur- 
rent of  about  50  per  cent,  above  the  pick-up.  In  actual 
testing  voltage  readings  should  always  be  taken. 

The  gravity  cell  is  used  more  largely  for  track  pur- 
poses than  any  other  primary  cell.  It  has  an  E.M.F.  of 
1\»79  and  an  internal  resistance  of  about  Iw.  The  best 
specific  gravity  is  from  1,1(H>  to  1,I50.  Two  cells  in 
multiple  is  the  usual  arrangement. 

Accumulators  are  now  largely  employed.     As  a  series  ' 
resistance  is  introduced,  the  total  resistance  of  the  circuit 
can  be  adjusted  to  any  desired  point  ;   the  excessive  current 
flow  on  short  circuit  obviated,  and  a  better  shunt  obtained.  ' 

With  good  stone  or  gravel  ballast,  tracks  a  mile  long 
are  in  successful  operation.     Cinder  ballast  is  the  worst.  ^^ 

Insulated  Joints  and  Bonds. — Another  type,   much  j 
favoured  owing  to  its  cheapness,   comprises  an  ordinary 
fish-plate  with  fibre  between  the  rail  and  fish-plate. 

Stranded  copper  bonds  are  preferable  to  ordinary  iron 
wire  bonds,  as  being  of  higher  conductivity,  but  "  Armco" 
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Iron  Wire  is  now  being  adopted  very  largely  lor  bonds, 
as  its  conductivity  is  very  good,  and  its  composition 
guaranteed  at  over  9u%  pure  iron.  Double  bonding 
should   always  be  employed. 

A.C.  TRACK  CIRCUITS. 

A.C.  track  circuits  originated  in  America,  being  in- 
stalled on  the  North  Shore  Railroad  of  California  in  19('3. 
Since  then,  they  have  been  considerably  developed  and 
are  largely  employed  on  steam  roads  as  well  as  electric 
roads.  They  were  not  employed  in  Great  Britain  until 
quite  recently,  when  they  were  installed  on  portions  of 
the  London  Underground  Railways. 

A.C.  tracks  are  now  standard  for  electric  railways, 
owing  to  their  immunity  to  foreign  currents,  whether 
A.C.  or  D.C.  and  regardless  of  their  volume  or  direction. 
'  Figs.  8  and  9  are  the  simplest  examples.  In  Fig.  In  the 
maximum  track  length  is  governed  by  the  propulsion 
drop.  Resistances  are  inserted  to  limit  the  propulsion 
current  through  the  relay  and  transformer  secondary, 
and  a  shunt  impedance  is  often  inserted  across  the  relay. 
The  maximum  permissible  D.C.  voltage  through  tlie 
relay  and  transformer  being  known,  the  maximum  track 
length  can  be  determined.  A  track  transformer  with  an 
open   magnetic  circuit  is  generally  employed. 

These  restrictions  do  not  apply  to  Figs.  11,  12  and  13. 
which  are,  therefore,  well  suited  to  heavy  electric  traction. 
Many  10,()0(»  ft.  end-fed  and  2  ,(»(  (»  ft.  centre-fed  double- 
rail  tracks  are  in  successful  operation.  The  bond  im- 
pedance being  relatively  constant  and  very  low  compared 
with  the  ballast  resistance,  changes  in  the  latter  have 
not   much  effect. 

Transformers. — Either  adjustable  filler  or  constant 
potential  track  transformers  can  be  used. 

The  adjustable  tiller  type  have  a  large  and  easily  vari- 
able magnetic  leak  between  the  primary  and  secondary, 
so  that  they  have  a  steep  secondary  voltage  characteristic. 
The  track  leads  of  the  secondary  can.  therefore,  be  con- 
nected directly  to  the  track  without  a  resistance  or  im- 
pedance in  series. 

Constant  potential  transformers  are  generally  of  the 
core  type  and  require  a  resistance  in  series  with  track 
leads  to  limit  the  secondary  short  circuit  current.  On 
steam  railways,  and  on  double  rail  tracks  on  electric  rail- 
ways, it  is  more  usual  to  employ  an  impedance  with  an 
iron  core,  which  has  a  very  low  power  factor.  The  short 
circuit  current  is,  therefore,  practically  wattless.  Either 
a  resistance  or  impedance  can  be  used  with  single-element 
track  relays  ;  with  double-element  relays  the  proper 
phase  relations  must  be  watched.  Impedances  must  not 
be  employed  on  single-rail  tracks  on  electric  railways, 
because  the  propulsion  drop  would  saturate  the  iron  core. 
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Another  method  is  the  employment  of  special  non- 
inductive  resistance  termed  "  thermal  regulators." 
Thus  the  increase  in  the  secondary  voltage,  when  the  track 
is  occupied,  causes  practically  no  increase  in  the  secondary 
current,  and  the  load  on  the  transformer  is,  therefore,  the 
same  at  all  times  ;   also,  a  much  better  shunt  is  obtained. 

Relays. — A.C.  track  relays  are  of  two  classes — single- 
element,  in  which  the  power  is  received  entirely  from  the 
track,  and  double-element,  in  which  the  power  is  received 
from  the  track  and  a  local  source. 

Single-element. — The  best  of  this  class  is  the  vane 
relay,  which  has  an  aluminium  vane  pivoted  between  the 
poles  of  an  A.C.  magnet.  When  the  relay  is  energized, 
the  vane  is  given  an  upward  rotative  movement  and  the 
contacts  closed,  because  of  the  shifting  magneto  flux 
produced  by  shading  bands  on  the  upper  halves  of  the 
pole  faces. 

The  centrifugal  relay  consists  of  a  squirrel-cage  motor 
having  a  vertical  shaft  carrying  centrifugal  arms  and 
collar,  which  lift  and  close  the  contacts.  The  stator 
winding  being  composed  of  two  elements,  the  relay  may 
be  either  a  single-element  or  a  double-element  relay. 

Double-element. — The  ironless  galvanometer  relay 
has  a  moving  coil  pivoted  inside  a  fixed  held  coil.  As  the 
torque  tending  to  turn  the  armature  and  close  the  con- 
tacts is  proportional  to  the  produce  of  the  flux  in  field 
and  armature,  the  desired  torque  may  be  obtained  through 
a  very  small  current  in  the  track  element,  and  a  com- 
paratively large  current  in '  the  local  element,  the  two 
currents  being  closeh'  in  phase. 

The  polyphase  relay,  the  most  economical  of  all  types, 
consists  of  an  induction  motor  having  a  stator  winding 
composed  of  two  elements,  in  which  the  currents,  of  course, 
are  in  quadrature.  Of  the  two,  the  current  in  the  local 
element  is  by  far  the  greater,  so  that  very  long  tracks  can 
be  operated.  When  the  rotor  has  revolved  and  closed 
the   contacts,   it  stands  still   maintaining  its   torque. 

The  vane  frequency  relay  has  a  double  A.C.  magnet, 
and  a  vane  on  each  side  of  the  spindle.  By  shading 
bands  and  adjustment  of  the  magnetic  leakages,  no 
torque  is  produced  on  the  vane  by  the  25- cycle  propulsion 
current  ;    only  by  the  6U-cycle  signalling  current. 

Double-element  frequency  relays  must  be  of  the  cen- 
trifugal   frequency    type. 

Single-element  relays  should  only  be  used  on  short 
tracks.  On  long  tracks  their  power  consumption  is 
excessive. 

Impedance  Bonds. — When  both  running  rails  are 
employed  for  the  propulsion  current  return,  impedance 
bonds  must  be  introduced  so  that  the  propulsion  current 
can  freely  pass  from  section  to  section,  and  yet  the  signal- 
ling current  be  confined  to  its  own  block. 
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The  impedance  bond  consists  of  a  laminated  iron  core 
provided  with  two  heavy  copper  windings  wound  in 
opposite  directions,  and  connected  as  shown  in  Fig.  14. 
The  D.C.  propulsion  currents  pass  in  opposite  directions 
through  the  two  halves  of  the  winding,  and  produce  no 
flux  in  the  iron  core.  The  A.C.  signalling  current,  how- 
ever, tends  to  flow  through  the  two  windings  in  series, 
and  a  high  impedance  results. 

If  the  propulsion  current  in  each  winding  is  not  equal, 
the  unbalancing  current  will  produce  a  flux  in  the  iron 
core,  and,  therefore,  a  change  in  the  bond  impedance. 
Hence  it  is  usual  to  increase  the  resistance  of  the  iron  core 
by  an  air-gap,  which  will,  however,  lower  the  impedance. 
A  compromise  must,  therefore,  be  made,  and  bonds  are 
usually  designed  to  allow  20  per  cent,  unbalancing,  without 
more  than  6  per  cent,  change  in  impedance. 

Bonds  for  A.C.  propulsion  employ  the  same  principles, 
but  are  very  much  smaller  than  those  for  D.C.  propulsion. 
As  unbalancing  troubles  are  rare,  the  air-gap  in  the  core 
is  generally  omitted. 

TRACK    CIRCUITING    THROUGH    POINTS    AND 
CROSSINGS. 

On  account  of  their  relative  simplicity  and  adaptability 
to  adequate  fouling  protection  and  complicated  layouts 
of  switches  and  crossings,  single  rail  track  circuits  are 
very  largely  employed  at  interlockings.  If  the  continuous 
railfforms  the  propulsion  current  return,  no  appreciable 
return  drop  is  experienced,  owing  to  the  shortness  of  the 
blocks. 

As  there  are  several  methods  of  track  circuiting  a  cross- 
over road  and  as  these  methods  form  the  basis  of  more 
complicated  schemes,  it  has  been  thought  advisable  to 
deal  with  them  in  some  detail  (Figs.  15-17). 

Bonding  should  always  be  carried  out  on  the  series 
principle. 
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AUTOMATIC    BLOCK  SIGNALS. 

GENERAL  CONSIDERATIONS 

Automatic  block  signals  with  track  circuit  control 
were  first  installed  in  America  in  1879,  and  by  January 
1st,  1914,  the  aggregate  miles  of  road  so  protected  were 
26,123,  the  total  miles  of  signal  track  being  87,185.  The 
first  installation  in  England  was  on  the  Liverpool  Over- 
head Railway  in  1893,  the  signals  being  controlled  by 
electric  contacts.  The  first  track  circuit  controlled 
automatic  block  was  on  the  L.  &  S.W.  Railway,  as  pre- 
viously mentioned. 

Automatic  signals  are  operated  on  the  "  normal  danger  " 
or  "  normal  clear  "  system.  Without  detailing  here  the 
opinions  as  to  the  merits  of  each,  it  might  be  stated  that 
the  "  normal  danger "  is  employed  in  America  only  to 
a  very  small  extent  and  in  England  only  on  the  North- 
Eastern  Railway.  In  the  "  normal  clear "  system,  the 
circuit  connections  are  fewer,  and  much  simpler  ;  it  is 
cheaper  to  install  and  maintain,  and  failures  are  much 
less  likely. 

The  principal  signal  mechanism  is  noticed  later.  In 
America  all-electric  signals  are  employed  more  extensively 
than  all  other  types  together,  and  the  A.C.  automatic 
block,  apart  from  its  usefulness  on  electric  lines,  is  being 
largely  installed  on  steam  lines  in  preference  to  the  D.C. 
block,  the  advantages  being  that  it  eliminates  battery 
renewals  ;  lamp  cleaning  and  filling  ;  troubles  due  to  the 
exhaustion  of,  or  damage  to,  the  batteries  by  frost,  and 
interference  from  foreign  currents.  It  gives  great  economy 
in  power  cost,  due  to  the  efficiency  of  A.C.  generation  and 
transmission,  and  great  economy  in  labour,  because  one 
man  can  maintain  a  greater  mileage.  Other  advantages 
are  the  dependability  and  constant  voltage  of  the  A.C. 
power  supply,  and  that  much  longer  tracks  can  be  operated 
without  cut  sections. 

Mr.  A.  H.  Rudd,  Signal  Engineer,  Pennsylvania  Rail- 
road, stated  recently*  that  although  the  cost  of  installation 
of  A.C.  automatic  block  was  heavy,  the  operating  and  main- 
tenance cost  per  mile  per  annum,  on  a  four-track  road, 
was  12U  dollars  ({24)  cheaper  than  D.C.  and  4<io  dollars 
(£80)  cheaper  than  electro-pneumatic. 

In  England  low-pressure  pneumatic  and  electro-pneu- 
matic signals  have  been  installed  to  a  much  greater  extent 
than  electric.  The  signals  themselves  are  simple,  sub- 
stantially constructed  and  work  very  well.  Recently, 
however,  some  A.C.  automatic  block  has  been  installed. 

*  In  an  address  before  the  Railway  Club  of  Pittsburg, 
Pa  ,  and  published  in  the  Signal  Engineer  (Chicago)  for 
October,  1913. 
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Figs.  21  to  25  illustrate  some  typical  arrangements 

On  the  London  Underground  Railways,  the  length  of 
the  overlaps  is  about  400  ft.,  which  is  sufficient,  although 
repeaters  are  not  ordinarily  provided,  because  train 
stops  are  employed.  On  most  rapid  transit  lines,  an 
automatic  stop  is  located  at  each  stop  signal,  and  applies 
the  continuous  brake  should  a  train  pass  a  signal  at  danger. 

In  America,  three-position  automatic  block  signals 
operating  in  the  right  or  left-hand  upper  quadrant  are 
being  largely  installed.  The  great  advantage  of  the 
three-position  signal  is  that  no  distants  are  required. 
Compare  Figs.  22  and  25. 

On  the  Pennsylvania  Railroad,  stop  signals  arc  divided 
into  two  classes:  "stop  and  proceed";  "stop  and  stay."  Stop 
and  proceed  signals  are  the  ordinary  automatics,  which 
are  identified  by  the  staggered  lights  {diagonal  lights) 
and  pointed-end  arms  as  shown  in  Fig.  26.  Stop  and  stay 
signals  are  interlocked  signals,  and  have  vertical  lights 
and  square  or  round-end  arms.  A  driver  can,  therefore, 
pass  a  signal  with  a  pointed-end  arm  at  danger,  but  must 
stop  until  further  instructions  at  a  signal  with  a  round 
or  square-end  arm. 

The  pointed-end  arm  is  employed  on  many  other  Ameri- 
can railroads  for  automatic  signals. 

In  England,  most  of  the  automatic  signals  on  the 
Metropolitan  and  Metropolitan  District  Railways  are 
distinguished  by  having  a  white  stripe  down  the  centre 
of  the  arm.     There  is  no  distinction  on  other  railways. 

The  practice  of  numbering  automatic  signals  for  identi- 
fication purposes  is  most  necessary,  and  almost  universally 
employed. 

ALL-ELECTRIC. 

Semaphore  Signals.— -There  are  many  types  of  electric 
signal  machines.  On  the  Metropolitan  and  East  London 
Railways  top-of-mast  mechanisms  are  largely  employed. 
This  style  of  apparatus  is  considered  superior  to  base- 
of-mast  mechanisms  as  the  necessity  for  connecting  rods 
and  levers  is  obviated. 

The  operation  of  the  above-mentioned  mechanism  is 
typical  of  English  practice.  The  motor  operates  the 
spectacle  shaft  through  a  train  of  gears  and  a  slot  mecha- 
nism. When  the  arm  is  cleared  the  motor  is  cut  out  and 
the  signal  held  "  off"  by  the  current  in  the  slot  magnet. 
On  the  latter  being  de-energized  the  arm  returns  to  danger 
without  driving  the  motor  and  gearing,  under  the  control 
of  a  dashpot. 

10,  20  and  fiO-volt  series  wound  motors  are  employed 
for  D.C.  mechanisms.  In  A.C.  mechanisms,  series  wound 
commutating  and  induction  motors  are  both  employed, 
but  present  practice  favours  the  induction  motor,  as  it  is 
the  simplest,  having  few  wearing  parts,  and  no  commu- 
tator   or    brushes.     Although    it    requires    more    current 
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than  the  series  motor,  the  additional  cost  is  counter- 
balanced by  lower  maintenance  cost  and  greater  reliability. 
The  slot  magnets  are  of  the  tractive  type  with  shading 
bands. 

In  America,  the  base-of-mast  style  of  mechanism  is 
contained  in  a  large  iron  box  forming  the  base  of  the 
post,  so  that  the  signal  can  work  in  any  weather  The 
operation  is  much  the  same  as  described  above. 

In  the  top-of-mast  mechanisms  usually  employed  the 
operation  is  entirely  different  from  those  in  England 
A  typical  feature  is  the  elimination  of  slot  and  dashpot, 
the  motor  being  directly  connected  to  the  spectacle  shaft 
by  a  train  of  gears. 

10,  2.1  and  110-volts  series  motors  are  employed  in  D.C. 
mechanisms.  In  the  first  two  the  arm  is  held  at  "caution" 
and  "  clear  "  by  a  retaining  device  ;  while  in  the  last,  the 
motor  armature  constitutes  the  means  for  holding  the 
signal.  Two  of  the  pole  pieces  have  serrated  surfaces, 
so  that  when  certain  holding  field  windings  are  energized, 
the  attraction  between  armature  and  pole  pieces  prevents 
the  rotation  of  the  armature.  In  these  mechanisms  the 
arm,  when  returning  to  stop,  drives  the  motor  backwards, 
so  that  it  acts  as  a  generator,  discharging  current  through 
a  resistance,  and  producing  a  frictionless  dynamic  brake. 

In  A.C.  mechanisms,  an  induction  holding  device  is 
employed,  the  rotor  being  loosely  mounted  on  the  motor 
armature  shaft.  When  the  arm  is  at  "caution"  or  "clear" 
the  stator  windings  of  the  device  are  energized  and  the 
attraction  between  the  poles  of  the  rotor  and  stator 
prevents  the  rotation  of  the  armature  shaft.  A  spring 
stop  is  used  to  check  the  momentum  of  the  arm  when 
returning  to  the  stop  position. 

Light  SiGNALS.-^These  are  largely  employed  on  the 
London  Underground  Railways,  and  in  America  on  trolley 
lines,  and  in  tunnels  and  terminals.  The  light  signal, 
having  no  moving  parts,  is  not  subject  to  failure  through 
weather  conditions  ;  small  space  is  required  and  main- 
tenance costs  are  very  low.  One  type  consists  of  an  iron 
case  containing  one  red  and  one  green  Fresnal  lens,  behind 
each  of  which  is  placed  one,  or  sometimes  two,  incandescent 
lamps,  the  indications  being  controlled  by  a  relay. 

Fig.  22  shows  the  operation  of  some  A.C.  light  signals, 
in  which  th°  use  of  relays  is  avoided  and  any  chance  of 
false  indications  from  wire  crosses  prevented.  Whefi  the 
green  light  circuit  is  open,  the  high  impedance  of  Si 
allows  the  red  lamps  to  light  up.  Immediately  the  relay 
closes  the  green  light  circuit  the  magneto  motive  forces  of 
S'-  and  S-  are  equal  and  opposite,  so  that  no  flux  is  pro- 
duced in  the  iron  core.  The  impedance  of  Si  being  then 
very  slow,  the  red  lamps  are  short  circuited. 

Light  signals  fixed  in  the  open  are  provided  with  hoods 
to  keep  away  the  sunlight  and  ensure  an  efficient  indication. 

G 
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ELECTRO-PNEUMATIC. 

In  the  ordinary  style  of  mechanism  air  at  a  pressure  of 
about  70  lbs.  per  square  inch  is  admitted  into  a  cylinder 
under  the  control  of  an  electro- magnetic  valve,  the  piston 
of  the  cylinder  being  connected  to  the  signal  arm  through 
a  counterweight  lever  and  upright  rod.  The  cylinder  is 
3  in.  bore  by  4  in.  stroke. 

On  the  Metropolitan  District  Railway,  the  arm  spindle 
lamp  bracket  and  E.P.  motor  are  all  carried  by  one  casting. 
The  cylinder  is  movable  and  connected  to  the  arm,  the 
piston  being  stationary,  so  that  the  air  pressure  forces 
up  the  cylinder  and  moves  the  arm  into  the  "  off  "  position 
against  the  downward  pressure  of  a  heavy  spectacle 

LOW-PRESSURE  PNEUMATIC. 

These  signals  are  installed  on  six  miles  of  double  line 
between  Grateley  and  Andover  on  the  L.  &  S.W.  Railway. 
They  are  of  the  piston-operated  type,  with  air  at  15  lbs. 
per  square  inch  under  the  control  of  electro-magnetic 
valves.  Round  iron  posts  are  employed  and  the  operating 
mechanism  is  contained  in  a  large  cast-iron  box  forming 
the  base  of  the  post. 

Later,  the  24  miles  of  four-track  road  between  Basing- 
stoke and  Woking  were  equipped.  These  signals  are 
diaphragm  operated  and  are  fixed  on  bridges  spanning 
the  lines.  The  simplicity  of  the  mechanism  and  absence 
of  friction  in  its  moving  parts  have  made  this  signal 
extremely  successful  in  working. 

Those  desiring  to  pursue  the  subject  further  should 
consult  : — 

"  Power  Railway  Signalling,"  by  H.  Raynar  W^ilson. 
"  The  Signal  Dictionary  " 
"  Automatic    Block    Signals     and     Signal     Circuits,"     by 

Ralph  Scott. 
"  The  Signal  Engineer,"   published  monthly. 
Annual  Proceedings  of  the  "  Railway  Signal  Association." 

and  the  "  Institution  of  Railway  Signal  Engineers." 
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TVER'S     PATENT    SIMPLE 
ELECTRIC    MOTOR   FOR    SIGNALS. 

The  Motor  is  shown  in  Figures  1,  2  and  3.  It  consists 
of  :  — 

An  Electric  Motor  A  (Fig.  3),  on  the  axle  of  which 

are  fixed — 
A  Pulley  with  two  grooves  B,  and 
A  tempered  Steel  Disc  C. 

In  the  two  grooves  of  the  pulley  B  are  wound  in  opposite 
directions,  and  several  times  over  themselves,  the  ends 
of  a  metal  band  D  which  passes  over  a  pulley  E  (Figs.  2 
and  3).  The  frame  of  the  pulley  E  is  connected  by  a  wire 
rope  to  the  signal  arm  to  be  operated.  When  the  signal 
arm  is  at  danger  the  radius  of  the  coiled  band  is  the  same 
in  the  two  grooves  of  the  pulle\'  E. 

In  proximity  to  the  disc  C  (Fig.  1)  is  mounted  a  lever 
F  to  the  extremity  of  which  is  fixed  the  armature  G  of  an 
Electro-magnet   H. 

To  the  lever  F  is  also  fixed  a  tempered  steel  plate  I  ;  a 
tempered  steel  roller  J  is  wedged  between  the  plate  I  and 
the  discC  when  the  lev'er  F  is  held  by  the  electro-magnet 
H.  The  disc  C  and  the  axle  to  which  it  is  fixed  cannot 
under  these  conditions  turn  in  an  anti-clockwise  direction. 

When  the  lever  F  is  no  longer  held  by  the  electro- magnet 
H,  the  roller  falls  by  its  own  weight  on  to  the  stop  K  (Fig. 
1).     The  movement  of  the  axle  then  becomes  entirely  free. 

The  rectangular  metal  tube  S  is  for  the  purpose  of  pro- 
tecting the  pulley  E  and  the  metal  band  D. 

METHOD  OF  WORKING. 

When  the  circuits  of  the  motor  A  (Fig.  3)  and  the  electro- 
magnet H  (Figs.  1  and  2)  are  closed,  the  pulley  B  (Fig.  3) 
an  J  the  disc  C  are  turned  in  a  clockwise  direction,  the 
roller  J  (Fig.  1)  being  meanwhile  supported  over  the  disc 
C  by  the  lever  F,  which  is  attracted  by  the  electro-magnet 
H. 

During  the  rotation  the  diameter  of  the  coiled  band  D 
(Fig.  3)  is  increased  in  one  of  the  grooves  of  the  pulley 
H,  and  decreased  in  the  other  groove.  The  pulley  E  is 
thereby  raised  as  in  a  differential  pulley  gear.  Owing  to 
the  diameter  of  the  coiled  bands  being  equal  at  the  moment 
of  starting,  the  revolving  axle  is  enabled  quickly  to  pick 
up  speed. 

The  differential  action  increases  gradually  until  the 
signal  arm  has  been  lowered,  when  the  circuit  of  the  motor 
A  is  automatically  broken. 

When  the  pulley  E  has  stopped  rotating  the  roller  J 
(Fig.  1)  falls  and  is  wedged  between  the  disc  C  and  the 
plate  I,  and  the  lever  F  being  attracted  by  the  electro- 
magnet H,  the  circuit  of  the  motor  A  being  broken,  the 
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motor  is  stopped.  The  counterweight  of  the  signal  arm, 
which  tends  to  return  the  arm  to  the  danger  position 
acting  on  the  strap  of  the  pulley,  creates  a  slight  movement 
of  the  shaft  P  in  an  anti-clockwise  direction.  This  reverse 
motion  of  the  shaft  P  is  instantly  stopped  by  the  roller 
J,  which  wedges  between  the  disc  C  and  the  steel  plate  I. 

In  order  to  allow  the  signal  arm  to  go  to  danger,  all 
that  is  necessary  is  to  break  the  circuit  of  the  electro- 
magnet H  which  liberates  the  armature  G.  The  lever  F, 
which  is  no  longer  held,  allows  the  roller  J  to  fall  on  to  the 
stop  K,  and  the  shaft  P,  moving  in  an  anti-clockwise 
direction,  places  the  signal  arm  to  danger.  The  signal 
arm  is  placed  to  danger  very  gently,  yet  sufficiently  rapidly, 
owing  to  the  movement  being  quickest  at  the  moment 
when  the  release  takes  place.  The  Signal  Motor  requires 
very  little  current,  and  is  satisfactorily  operated,  even 
when  used  very  frequently  by  two  sets  of  P  Sac  Leclanche 
Cells  in  parrallel,  the  time  taken  to  lower  the  signal  aim 
being  about  3h  seconds 

The  motor,  of  course,  may  be  operated  by  either 
batteries,  as  stated,  or  from  "Main"  supplies. 


Fig.  1. 
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ARRANGEMENT   OF    ELECTRICAL   SIGNALLING 
INSTRUMENTS    IN    SIGNAL    CABIN. 

Amongst  the  appliances  adopted  on  Railways  to  safely 
negotiate  traffic  from  point  to  p'^int,  electrical  train 
signalling  Instruments  probably  rank  foremost. 

The  number  and  type  of  instruments  to  be  installed 
depend  upon  the  lay-out,  and  the  specific  traffic  conditions 
applicable  to  the  installation  within  the  control  of  the 
signal  cabin. 

On  account  of  the  limitation  of  space,  Double  Line 
Permissive  Block  Instruments  have  not  been  shown  on  the 
accompanying  diagram.  These  instruments  have  been 
introduced  for  the  purpose  of  indicating  at  each  end  of  the 
section  the  number  of  trains  in  the  section  when  permissive 
working  is  in  operation. 

The  diagram  shows  clearly  the  full  complement  of  electri- 
cal instruments  as  fixed  in  the  signal  cabin  properly  wired 
up  in  order  to  fulfil  the  requirements  of  the  lay-out. 

It  will  be  noticed  that  this  installation  comprises  a  double 
main  line  with  two  single  branch  lines,  including  a  flying 
junction. 

This  installation  necessitates  the  undermentioned  elec- 
trical apparatus  : — 

2     Single-Line  Tablet   Instruments. 

2     Single-Needle  Telegraph  Instruments. 

2  One-wire  Three-Indication  Block  Instruments. 

3  Telephones. 

I'l  Signal  Arm  and  Light  Repeaters  for  repeating 
electrically  the  respective  Distant  and  Outer  Home 
Signals  to  which  they  are  applicable. 

In  the  diagram  there  is  also  shown  the  back  view  of  an 
outside  fixed  signal  illustrating  the  method  of  fixing  the 
Repeater  Arm  Commutator  and  the  Light  Expander  for 
repeating  the  Light  Indicator  in  the  signal  box.  The 
wiring  is  shown  from  the  instruments  to  the  batteries  and 
to  the  lead-out,  and  the  various  circuits  can  be  readily 
traced. 

It  does  not  often  occur  that  complete  sets  of  both  double 
and  single-line  instruments  are  incorporated  in  one  cabin, 
the  present  scheme  shown  being  rather  special  on  account 
of  the  peculiarity  of  the  lay-out. 

The  example,  however,  is  a  good  one  to  illustrate  a  com- 
plete number  of  instruments  grouped  together  to  govern 
an  installation  worked  by,  and  under  the  jurisdiction  of, 
one  or  more  signalmen  in  one  cabin. 
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THE  BLOCK    SYSTEM. 

BLOCK      INSTRUMENTS. 

Block  instruments  are  of  two  general  classes,  "  One- 
wire  "  and  "  Three-wire."  In  the  former,  the  bell  signals 
and  block  indications  for  both  up  and  down  lines  pass 
over  the  same  wire,  whilst  in  the  latter,  a  separate  wire 
is  provided  for  the  up  signals,  the  down  signals  and  the 
bell.     Both  classes  are  in  extensive  use. 

In  the  "  One-wire  "  system,  the  saving  of  cost  in  the 
running  of  block  wires  is  clearly  very  considerable. 

"  Three-position  "  and  "  Two-position  "  blocks  are  both 
employed,  but  the  latter  now  only  to  a  limited  extent. 
In  the  "three-position  "  the  indications  are  "  Line  blocked  " 
(the  normal  position  of  the  block  indicator)  "  Line  clear" 
and  "  Train  on  line  "  ;  in  the  two-position  "  Line  clear  " 
and  "  Train  on  line  "  only. 

A  popular  form  of  three-position  block  instrument  is 
the  single  needle,  which  is  generally  similar  in  construction 
to  the  railway  type  of  single  needle  telegraph  instrument, 
separate  instruments  being  provided  for  the  up  and  down 
lines  and  three-line  wires.  The  needle  is  adjusted  and 
balanced,  so  that  in  its  normal  postion  it  is  vertical  and 
in  the  centre  of  the  dial,  thereby  indicating  "  Line  blocked." 
The  London  and  North-Western  Railway  type  of  single- 
needle  instrument  is  of  the  combined  type,  and  the  bell 
is  fixed  in  the  base. 

Figs.  1  and  2  show  Tyer's  patent  one-wire  three- 
indication  block  instrument,  which  is  in  extensive  use  in 
all  parts  of  the  world.  Some  of  the  special  features  of  this 
instrument  are  :  — 

Interlocking  of  commutator  with  the  plunger.  This  is 
so  arranged  that  when  the  commutator  is  turned  from 
any  one  position  to  another  no  further  movement  can  take 
place  until  the  plunger  is  pressed  home  and  the  signal 
recorded,  when  the  commutator  is  again  free.  All  these 
turning  movements  are  in  one  direction  and  the  com- 
mutator being  nicely  balanced,  all  signalling  operations 
are  easily  manipulated  with  one  hand. 

A  small  plunger  is  fitted  below  the  boss  of  the  com- 
mutator, which  operates  a  stop  lever  or  detent  ;  this 
plunger  requires  to  be  momentarily  depressed  in  order  to 
free  the  commutator  when  the  latter  is  turned,  as  the 
detent  forms  the  banking  stop  for  each  movement. 

The  dial  movements  are  of  the  well-known  Cylinder  arma- 
ture pattern,  and  mounted  on  the  dial  plate  and  in  close 
proximity  to  each  movement  is  a  small  local  locking  coil, 
having  at  the  extreme  end  of  its  armature  a  small  cam  es- 
capement, this  cam  being  so  arranged  that  it  allows  of  a  free 
traverse  of  the  Cylinder  Armature  and  needle  in  one 
direction,  but  checks  the  reverse  movement  and  holds  the 
needle  when  half  the  distance  has  been  completed  ;    of 
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these  locking  coils  the  lower  one,  which  engages  with  the 
armature  of  the  needle  recording  "  outgoing  "  currents, 
is  operated  by  the  commutator  and  local  battery  ;  the 
upper  locking  coil,  engaging  with  the  armature  of  the 
needle  recording  "  received  "  currents  is  operated  by  a 
special  relay  in  the  line  circuit,  and  which  is  fitted  in  the 
bell  case.  The  action  of  the  relay  is  such  that  in  respond- 
ing to  currents  of  full  strength,  viz.  :  ("  Line  Clear  "  and 
"  Train  on  Line  ")  it  attracts  the  armature  the  full  dis- 
tance and  closes  the  bell  circuit  direct  ;  but  to  currents  of 
fractional  value,  viz.  :  ("  Line  Blocked  ")  it  attracts  the 
armature  to  a  movable  contact  arm  only,  this  putting  the 
upper  local  locking  coil  in  the  bell  circuit. 

In  the  normal  position  of  the  instrument  the  needles  show 
"  Line  Blocked  "  ("Train  out  of  Section"  or  "Line  Closed"), 
and  the  first  commutation  from  this  position  sends  a 
current  of  full  strength  to  the  line  ;  this  causes  the  needles 
to  traverse  the  full  distance  and  show  "  Line  Clear,"  at  the 
same  time  operating  the  armature  of  line  relay  fully 
which  simply  closes  the  bell  circuit. 

The  next  commutation  sends  a  reverse  current  of  full 
strength  to  line,  which  also  operates  the  armature  relay 
fully,  but  does  not  allow  of  a  complete  traverse  of  the 
needle  in  the  reverse  direction,  owing  to  the  cam  of  small 
locking  coil  checking  the  cylinder  and  allowing  the  needle 
to  occupy  a  central  position  showing  "  Train  on  Line." 

The  third  and  final  movement  of  the  commutator  splits 
the  current,  short  circuiting  three-fourths  of  it  through 
the  lower  locking  coil  and  operating  the  armature,  allow- 
ing the  needle  recording  "  outgoing "  currents  to  show 
"  Line  Blocked  "  ;  at  the  same  time  the  remaining  current 
of  one-fourth  the  full  strength  is  sent  to  line,  this  current 
being  too  weak  to  operate  the  armature  the  full  distance, 
attracts  it  to  the  movable  arm  ;  this,  in  addition  to  closing 
the\bell  circuit,  operates  the  upper  locking  coil,  the  arma- 
ture of  which  engages  with  the  cylinder  of  the  "  receiving  " 
needle,  is  lifted,  the  needle  is  freed,  thus  allowing  it  to 
traverse  the  remaining  distance  and  show  "  Line  Blocked." 

Only  one  battery  is  required  for  each  instrument,  and 
there  are  no  permanent  currents  flowing,  the  whole  of 
the  signalling  being  accomplished  by  momentary  currents. 

This  instrument  can  be  readily  adapted  to  all  signal 
interlocking,  such  as  level  crossing  gates,  starting  signals, 
distant  signals,  out  of  view  of  either  cabin,  etc.,  and  can 
at  any  future  time  be  fitted  with  the  additions  required  for 
"  Lock  and  Block  "  working  at  a  small  additional  cost. 

Where  foreign  currents  are  experienced,  a  metallic 
return  is  usually  employed,  and  it  is  good  practice  where 
three- wire  block  instruments  are  in  use  to  have  one  common 
for  the  dials  and  another  for  the  bells.  4ii()  lb.  galvanized 
iron  wire,  having  a  resistance  of  1-332  ohms  per  mile,  is 
usually  employed  for  the  line,  and  800   lb.  wire  on  very 
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Fig.    1. 

Tver's  Patent  One-Wire  Three-Indication 
Block  Instrument. 
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Fig.  2. 
Diagram  of  Circuits  for  Tver's  One-Wire  Three- 
Indication   BtoCK  Instrument. 
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long  circuits.  In  districts  where  there  is  very  much 
corrosion  it  is  advisable  to  use  150  lb.  copper  having  a 
resistance  of  5-85  ohms  per  mile,  in  order  to  save  constant 
renewal  of  the  line,  or  alternatively  "Armco  "  Galvanized 
Iron  Wire. 

ONE-WIRE  THREE-INDICATION 
BLOCK   INSTRUMENT. 

It  is  often  necessary  for  Blocking  back  or  shunting 
movements  to  take  place,  and  it  is  undesirable  for  the 
needle  to  indicate  "  Line  Clear"  in  the  sequence  move- 
ment, so  therefore  Messrs.  Tyer's  present  well-known  one- 
wire  Three-Indication  Block  Instrument  has  been  modified 
to  allow  of  non-sequence  working  with  ordinary  direct 
momentary  currents  as  hitherto,  and  is  known  as  the 
Simple  One- Wire  Three- Indication  Block  Instrument 
(Figs.  3  and  4.) 
Some  of  the  Special  Features  of  this  Instrument  are  as  follow  : 

1 .  Interlocking  of  Commutator  with  the  plunger.  This 
is  so  arranged  that  when  the  Commutator  is  turned 
from  one  position  to  another  no  further  movement 
can  take  place  until  the  plunger  is  pressed  home  and 
the  Signal  recorded,  when  the  Commutator  is  again 
free.  These  turning  movements  are  in  either  direction, 
and  all  signalling  operations  are  easily  manipulated 
with  one  hand. 

2.  The  Commutator  movement  and  locking  of  same  till 

the  plunger  has  been  pressed  home  is  of  extremely 
simple  design  and  constructed  to  withstand  easily 
the  continual  use  to  which  it  is  subjected, 

3.  The  Indicating  Needles  are  operated  by  means  of  twin 
armatures  of  Tyer's  well-known  cylinder  pattern,  and 
the  entire  needle  movement  is  self-contained,  being 
fixed  to  the  ends  of  the  steel  cores  of  the  electro- 
magnetizing  combination  by  four  screws,  thus  being 
easily  detachable.  The  dial  can  be  removed  without 
affecting  the  adjustment  of  the  needles,  which  are 
entirely  independent  of  the  dial. 

4.  It  will  be  noticed  that  the  "  Line  Blocked  "  position 
is  placed  centrally,  thus  conforming  to  the  general 
practice.  As  previously  stated,  the  indications  can 
be  given  irrespective  of  sequence,  thus,  for  instance, 
rendering  it  possible  to  place  the  needle  directly  to 
"Train  on  line"  from  the  "Line  Blocked" 
position  when   this  is  required. 

5.  Only  one  bittery  is  required  for  each  instrument,  and 

there  are  no  permanent  currents  flowing,  the  whole 
of  the  signalling  being  accomplished  by  momentary 
currents. 

6.  The  instruments   can   be   interlocked   with  Signal  or 

Point  Levers,  and  can  be  readily  adapted  for  Lock 
and  Block  working,  and  the  necessary  parts  added 
at  a  small  extra  cost. 

I 
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Fig.   3. 

Tver's  One-Wire  Three-Indica.tion 
Non-Sequence  Block  Instrument. 
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Fig.  4. 

Diagram  of  Circuits. 
One-Wire  Three-Indication  Block  Instrument. 
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7.     Briefly,   the  instrument  is  extremely  simple  in  con- 
struction, will  stand  a  great  amount  of  use  with  very 
little  wear,  and,  having  no  fine  adjustments,  is  specially 
adapted  for  keeping  in  good  working  condition. 
As  these  instruments  are  operated  by  strong  currents 
for  the  "  Train  on  Line  "  and  "  Line  Clear  "  indications, 
and  weak  currents  for  the  "  Line  Blocked  "  indication, 
and  the  line  currents  in  the  "  Train  on  Line  "  and  "  Line 
Clear  "  positions  directly  operate  the  needle  movement, 
it  is  necessary  to  have  low  resistance  windings  for  the 
needle  movements,  and  this  precludes  the  possibility  of 
switching  out  stations  without  using  balancing  resistances 
to  keep   the  working  currents  uniform.     This,   however, 
can  be  overcome  by  using  special  polarized  relays  of  high 
resistance,  thereby  rendering  the  line  resistance  negligible 
which   join  local  circuits  operating  the   receiving  needle 
movements,  and  by  using  suitable  commutator  connections 
for  operating  the  sending  needle  movements  locally, 

PERMISSIVE     BLOCK     INSTRUMENTS. 

Figs.  5  and  6  show  Tyer's  Permissive  Indicating  Block 
Instrument.  Reading  the  diagram  the  following  is  a 
brief  description  : — 

This  instrument  has  been  designed  primarily  for  the 
purpose  of  indicating  at  each  end  of  a  section  the  number 
of  trains  occupying  the  section  when  working  permis- 
sively.  It  can,  however,  be  used  for  ordinary  absolute 
block  working  by  dispensing  with  the  figures  on  the  dial, 
and  restricting  the  movement  of  the  indicating  needle 
to  the  right  and  left-hand  movements  of  "  Line  Clear  "  and 
"  Train  on  Line." 

The  chief  advantage  in  using  this  type  of  instrument 
is  that  co-operation  between  the  signalmen  at  each  end  of 
a  section  is  essential  before  a  signal  can  be  transmitted. 

Methods  of  Working. 
Assuming  that  A  has  to  proceed  to  B,  signals  by  bell 
code  are  given  on  the  tapper  keys.  If  B  is  ready  to  accept 
the  train,  A  turns  his  commutator  handle  in  the  direction 
of  "  Line  Clear."  No  current  can  pass  through  his  dial, 
however,  until  B  also  turns  the  handle  of  his  commutator 
to  "  Line  Clear."  In  a  similar  way  when  A  signals  to  B 
"  Train  on  Line,"  by  bell  code,  no  indication  can  be  given  on 
either  dial  until  both  the  signalmen  at  A  and  B  turn  the 
handles  of  their  respective  commutators  to  "  Train  on  Line," 
the  indication  for  permissive  trains  being  similarly  obtained. 
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DIAGRAM    OF    CIRCUITS. 

Fig.  6. 
Tver's  Patent  Permissive  Indicating  Block  Instrument. 
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TRAIN      DESCRIBEES. 

In  order  to  inform  a  signalman  of  the  origin  or  destina- 
tion of  approaching  trains,  train  describers  are  often 
employed  ;    particularly  at  busy  centres. 

A  Tyer's  train  describer  is  shown  in  Figs.  7  and  8.  The 
upper  dial  is  the  "  receiving  "  one,  whilst  the  lower  dial 
is  the  "sending"  portion.  On  the  latter  are  holes  into  which 
the  pin  is  placed  opposite  the  signal  required  to  be  sent. 
By  manipulating  the  button  on  the  right  side  of  the 
instrument,  the  commutator  operates  and  causes  a  corre- 
sponding indication  to  be  sent  to  the  line.  A  single  line 
wire  is  required  for  each  set  of  apparatus,  so  that  an 
instrument  requires  two  wires  altogether. 

On  the  London  Underground  Electric  Railways,  maga- 
zine train  describers  are  used,  there  being  in  many  cases 
several  block  sections  between  adjacent  signal  boxes  ; 
this  type  of  describer  assists  the  signalman,  who,  otherwise, 
would  have  to  trust  to  memory  to  set  the  correct  routes. 

When  a  train  departs  the  signalman  sends  forward  the 
description  of  the  train,  which  is  registered  on  a  magazine, 
but  as  only  one  train  indication  can  be  shown  at  a  time, 
the  remaining  indications  are  stored  up.  After  the  train 
has  arrived,  it  automatically  cancels  its  indication  through 
the  track  circuits  and  the  description  of  the  next  train 
at  once  appears. 

This  apparatus  requires  four  line  wires.  If  both  up 
and  down  lines  are  equipped,  there  will  be  a  total  of  eight 
line  wires.  These  figures  refer  to  four-stud  magazine 
drums,  so  that  in  those  cases  where  the  train  indications 
only  require  three  or  two  stud  drums  the  line  wires  are 
reduced  to   three  and  two  respectively. 

TYER'S     ALTERNATING     CURRENT    ONE-WIRE 
THREE-INDICATION     BLOCK    TELEGRAPH 
INSTRUMENT. 

This  instrument,  shown  diagrammatically  in  Fig.  9, 
marks  an  advance  in  the  science  of  Block  Signalling, 
The  three  Block  indications  can  be  exhibited  in  any  order 
precisely  as  in  the  case  of  three-wire  Block  instruments. 
Each  of  the  three  indications  is  produced  by  current, 
having  a  distinct  characteristic,   viz. : — 

Negative  direct  current  for   "  Line  Clear." 
Positive  direct  current  for     "Train  on  Line." 
Alternating  current  for  "  Line  Blocked," 

"  Line  Closed,"  or 
"  Train  out  of  Section." 

A  permanent  magnetic  field  is  set  up  for  each  of  the  three 
indications,  the  magnetic  field  for  one  indication  being 
different  in  direction  from  that  for  the  other  two. 

There  are  no  electro- mechanical  devices  necessary  for 
controlling   the   needle   in   any  position.     The   change    of 
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direction  in  the  magnetic  field  completely  controls  the 
needle  in  all  three  indications. 

Each  indication  is  therefore  positively  produced  by  a 
definite  magnetic  force.  In  three-wire  systems  one  of  the 
indications  is  produced  by  gravity  in  the  absence  of  mag- 
netic forces,  so  that  supposing  the  indicators  to  be  at 
"  Train  on  Line,"  and  a  failure  occurred,  the  effect  would 
be  to  cause  the  indicators  to  show  "  Line  Blocked,"  equiva- 
lent to  "  Train  out  of  Section."  In  the  case  of  this  instru- 
ment, a  similar  failure  would  leave  the  "  Train  on  Line  " 
indication  unaltered. 

The  instrument  will  operate  efi&ciently  over  long  or 
short  sections  without  the  use  of  balancing  resistances. 
It  is  usually  arranged  on  the  same  plan  as  the  well-known 
three-wire  Block  Instrument,  but  the  dial  movement  may 
be  adapted  to  work  an  index  of  the  single  needle  or  disc 
type,  while  any  style  of  commutator  can  be  used. 

Only  one  battery  is  required  for  each  instrument,  the 
whole  of  the  signalling  being  accomplished  by  means  of 
momentary  currents. 

The  instrument  can  be  readily  adapted  to  all  signal 
interlocking  requirements,  and  can  readily  be  fitted  with 
the  necessary  parts  for  Lock  and  Block  working. 


134 


Fig   7. 
Tver's  Patent  Train  Describer. 
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Fig.  8. 

Diagram   of  Circuits  for  Tver's  Patent  Train 
Descrtber. 
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Fig.  9. 

Tver's  Patent  One-Wire  Three-Indication  Alternating 

Block  Instrument. 
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Great  Western  Railway — Block  Instrument, 
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Great  Wkstern  Railway — Block  Instrument. 
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LOCK   AND   BLOCK. 

In  the  "Lock  and  Block"  system  of  train  signalling, 
the  outdoor  signals  are  electrically  interlocked  with  the 
block  instruments,  consequently  a  signalman  is  mechani- 
cally prevented  from  allowing  two  trains  to  be  in  a  section 
at  the  same  time.  If  either  the  signalman  or  the  mecha- 
nism does  not  work  correctly,  the  line  is  blocked. 

The  diagram  (Fig.  1)  shows  Tyer's  Patent  One- wire 
Three-Indication  Lock  and  Block,  and  the  circuits  for  an 
intermediate  cabin  with  crossover  road.  The  locking  is 
electrical  throughout,  and  is  controlled  by  relays.  Normally 
relays  D-Dl  are  energized  from  batteries  1-2,  and  the 
commutator  locks  F-Fl  are  free  to  allow  commutators  to 
be  turned  to  "  Line  Clear."  Assume  A  asks  B  to  accept 
train,  line  being  clear,  A  turns  commutator  of  Block 
Instrument  to  "  Line  Clear"  and  plunges  ;  relay  D  is  de- 
energized,  and  commutator  becomes  locked  after  being 
turned  to  "  Train  on  Line  "  position.  B  asks  C  to  accept  the 
train,  and  C  in  plunging  "  Line  Clear  "  operates  relay  G, 
which  is  a  polarized  first  current  relay,  and  in  turn  energizes 
relay  H  ;  current  passing  from  battery  J  ;  retaining  H,  and 
operating  lock  K  on  lever  L,  allowing  starting  signal  M 
to  be  lowered.  The  pulhng-over  of  lever  L  disconnects 
relay  H,  and  L  becomes  back-locked.  Train  clearing 
station  and  passing  over  rail  contact  or  track  circuit  at 
N  energizes  relay  H,  and  allows  lever  L  to  be  put  to  normal. 
The  replacing  of  L  again  disconnects  relay  H,  and  ener- 
gizes relay  D,  allowing  commutator  of  block  to  A  to  be 
restored  to  "  Line  Blocked." 

To  obtain  crossover  lever,  block  instrument  for  opposite 
road  must  show  "  Line  Blocked,"  and  lever  must  be  replaced 
before  train  can  be  accepted.  All  cancelling  movements 
controlled  by  patent  co-operation  device  on  same  line  wire. 

Figs.  2  and  3  explain  in  outline  the  working  of  the  Sykes' 
system.  The  miniature  block  indicator  has  only  two 
positions  and  this  is  the  usual  arrangement,  but  on  the 
Great  Eastern,  the  London,  Tilbury  and  Southend  section 
of  the  Midland  Railway;  also  a  portion  of  the  S.E.  &  C. 
Railway,  the  system  is  installed  with  a  three-position  block 
indicator. 

There  are  two  important  complements  to  the  system. 
One  is  the  provision  of  a  releasing  key  as  a  means  of  re- 
leasing the  signalman,  should  he  get  locked  up,  either  by  the 
failure  of  the  rail  contact,  or  other  defect  in  the  apparatus, 
or  by  the  train  not  having  gone  forward  ;  the  other  is  the 
fixing  of  a  replacer  to  the  starting  signal  to  pi  event  it  being 
left  "  ofif,"  and  so  nullifying  the  whole  security  of  the 
system. 

Undoubtedly  the  posression  of  this  key  in  the  hands 
of  (he  signalman  is  a  considerable  menace  to  the  security 
of  the  interlocking,  but  if  serious  delays  are  to  be  avoided 
on  busy  lines  some  sort  of  cancelling  arrangement  is  quite 
necessary.     To  overcome  the  illegitimate  use  of  the  key. 
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which  has  at  times  caused  accidents,  the  controlled  system 
of  cancellation  was  introduced.  This  requires  the  co- 
operation ot  the  signalman  in  advance  before  a  release 
can  be  obtained,  and,  in  some  cases,  the  co-operation  also 
of  the  signalman  in  the  rear. 

Even  when  a  proper  treadle  release  has  been  obtained, 
there  is  no  guarantee  that  the  whole  of  the  train  has 
cleared.  For  in  the  case  of  goods  train,  not  fitted  with 
continuous  brake,  the  first  portion  might  have  cleared 
but  the  second  portion  have  broken  away  and  still  remain 
in  the  section,  nevertheless  the  block  instruments  would 
be  cleared.  Another  point  lies  in  the  difficulty  of  deciding 
the  best  locations  for  the  rail  contacts. 

In  places  where  foreign  currents  are  experienced,  an 
arrangement  has  lately  been  introduced  termed  the 
"  Duo-direction  release,"  which  requires  two  currents  of 
difierent  polarity  to  be  received  in  pre- determined  order 
to  release  the  back-lock. 

Figs.  4  and  5  illustrate  another  type  of  instrument, 
which  is  provided  with  a  controlled  system  of  cancellation 
interlinked  with  the  block  and  equipped  with  "  Veeder  " 
recorders,  so  that  it  is  quite  impossible  for  a  cancellation 
to  be  efiected  without  the  fact  being  known.  Three  line 
wires  are  necessary. 

"  Lock  and  Block "  was  introduced  into  the  United 
States  in  1881  and  has  since  made  considerable  headway, 
being  known  there  by  the  name  of  the  "  Controlled  manual 
system," 


141 
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COMPLETE    DIAGRAM    OF    CIRCUITS    FOR    CABIN. 
Fig.   1. 

Tver's  Patent  One- Wire  Three-Indication 
Lock  and  Block. 


142 


143 


6 


144 


S  PAG  NO  LETT  I    THREE -WIRE    THREE- POSITION  BLOCK. 
DlAGftAM  OF  CONNECTIWS  FOR  DOUBLE  DISC  INSTRUMENT. 
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SPACNOLETTI   THREE-WIRE   THREE-POSITION  BLOCK. 
Diagram  of  connections  for  tapper  bell. 
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Figs.  4  and  5. 
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SINGLE   LINE   WORKING. 

The  employment  of  electricity  for  the  working  of  single 
lines  is  almost  universal  in  Great  Britain,  the  system  used 
being  either  the  electrical  tablet  or  the  electrical  train 
staff. 

There  are  several  types  of  Tyer's  tablet  instruments, 
an  example  in  extensive  use  being  shown  on  page  152. 
Tablets  are  obtained  from  the  lower  slide,  which  can  only 
be  fully  withdrawn  with  the  permission  of  the  signalman 
at  the  other  end  of  the  section.  Tablets  from  arriving 
trains  are  inserted  in  the  upper  slide,  which  is  then  pushed 
home,  thereby  unlocking  the  instrument  and  permitting 
the  passage  of  another  train. 

There  are  also  permissive  and  automatic  tablet  instru- 
ments, and  the  description  and  working  of  these  instru- 
ments will  now  be  given. 

ABSOLUTE    OR    PERMISSIVE    TABLET. 

This  instrument  has  been  arranged  to  combine  "  Abso- 
lute "  and  "  Permissive  "  working,  and  is  especially  useful 
where  there  are  long  sections,  which  under  absolute  block 
working  would  entail  a  great  loss  of  time  to  a  following 
train  to  wait  until  the  previous  train  had  reached  the  end 
of  the  section.  It  is  possible  with  this  instrument,  under 
certain  conditions,  and  with  the  direct  consent  and  co- 
operation of  the  men  at  each  end  of  the  section,  to  take 
out  any  number  of  tablets  up  to  forty-seven  and  thus  allow 
forty-seven  trains  to  run  "  following,"  the  indicator  on  the 
instrument  showing  the  number  of  trains  in  this  section. 
Each  driver  is  warned  that  he  has  another  train  in  front 
of  him,  and  as  an  additional  reminder  the  tablet  is  placed 
in  a  special  pouch  of  Red  enamelled  leather,  with  a  tri- 
angular loop,  to  denote  "  Permissive  "  workmg.  It  is 
quite  impossible  for  tablets  to  be  issued  except  as  autho- 
rized and  when  once  a  tablet  or  tablets  are  withdrawn,  no 
tablet  can  be  obtained  at  the  other  end  of  the  section  for 
a  train  coming  in  the  opposite  direction  until  all  the  trains 
for  which  tablets  have  been  issued  have  arrived,  and  the 
tablets  have  been  inserted  in  the  instrument  at  the  other 
end. 

It  is  possible  to  cancel  "  Permissive  "  working  of  any 
train  not  proceeding,  but  for  which  a  tablet,  or  tablets, 
have  already  been  withdrawn,  by  restoring  same  to  their 
original  instrument  ;  this  cannot  take  place  except  by  co- 
operation of  the  man  at  the  other  end  of  the  section  who, 
for  every  tablet  that  is  returned  to  the  instrument,  will 
turn  the  commutating  portion  of  his  instrument  back- 
wards, viz.,  from  left  to  right,  which  will  cancel  the  right 
to  left  movement  when  he  gave  permission  to  obtain  the 
tablet,  so  that  both  operators,  therefore,  have  a  complete 
record  at  any  time  of  the  state  of  the  road,  how  many 
trains  are  following,  etc. 
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In  "  Absolute  "  working  only  one  tablet  for  a  section 
can  be  out  at  the  same  time  ;  and  in  "  Permissive  "  working 
a  second  and  subsequent  tablets  may  be  withdrawn, 
although  the  first  has  not  been  placed  in  the  instrument 
at  the  other  end  of  the  section. 

TVER'S   NO.   5   ABSOLUTE   OR   PERMISSIVE 
TABLET    INSTRUMENTS. 

OUTLINE  OF  WORKING— PERMISSIVE. 

A  intimates  to  B,  as  per  code,  that  he  requires  to  send 
a  number  of  trains  in  one  direction. 

B  replies  as  per  code. 

A  depresses  his  plunger  marked  Bell. 

B  depresses  his  plunger  marked  Switch,  and  at  same 
time  turns  the  gun-metal  knob  G  from  right  to  left. 

B  lifts  the  lid  H  and  removes  the  tablet  from  the  instru- 
ment, withdraws  slide  S,  inserts  the  tablet  and  pushes 
slide  home  ;  he  then  depresses  to  the  full  extent  the  gun- 
metal  knob  G,  which  will  have  the  effect  of  disconnecting 
the  carriage  portion  of  the  instrument  from  the  com- 
mutating  portion,  and  at  same  time  locking  slide  S,  con- 
taining the  tablet,  inwards. 

A  again  holds  down  on  his  Bell- Plunger. 

B  depresses  the  Switch- Plunger  and  at  same  time 
turns  his  gun-metal  knob  G  from  right  to  left  (which 
moves  the  commutating  portion  of  the  instrument  only) 
thus  altering  his  commutator  so  as  to  coincide  with  A's 
instrument. 

B  gives  A  permission  to  obtain  a  tablet  for  the  first  train. 

A  calls  B  for  a  second  tablet,  and  B,  holding  down  his 
Switch-Plunger,  can  turn  his  gun-metal  knob  and  com- 
mutating wheel  so  that  it  again  coincides  with  A's  machine, 
thus  allowing  B  to  give  A  permission  to  obtain  a  second 
tablet,  and  so  on  for  any  number  of  trains. 

Upon  the  arrival  of  each  train  B  upon  receiving  the 
tablet  will  lift  lid  H  ;  insert  the  tablet  in  machine,  and  turn 
the  gun-metal  engraved  knob  E  to  the  left  ;  this  does  not 
require  a  current  from  A,  the  tablet  mechanically  unlock- 
ing the  carrier  portion  of  wheel. 

Each  forward  movement  B  makes  with  his  commutating 
portion,  takes  the  key  on  the  centre  spindle  farther  away 
from  the  key-way  in  carriage  of  machine,  so  that  every 
train  which  leaves  A  must  arrive  at  B  and  all  the  tablets 
be  inserted  into  the  machine  there  before  the  key-way 
in  carrier  portion  can  overtake  the  key  on  centre  spindle 
(which  has  been  working  for  commutating  wheel)  and  so 
allow  the  key  to  enter.  When  this  takes  place,  the  key 
enters  the  key-way  and  the  two  wheels  become  rigid  ;  the 
spindle  rises  by  slightly  pressing  the  slide  S,  and  the  slide 
can  be  withdrawn  with  the  tablet.  This  tablet  must  be 
inserted  into  the  machine  before  the  commutators  of  A 
and  B's  instruments  will  coincide,  ready  for  absolute  or 
permissive  working  to  again  take  place  from  either  end. 
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The  caucelliiig  of  any  train,  or  trains,  not  proceeding, 
but  for  which  A  has  already  obtained  a  tablet,  or  tablets, 
cannot  take  place  without  B's  permission,  and  for  every 
tablet  A  returns  to  his  instrument  B  must  (by  A's  permis- 
sion) turn  his  commutating  portion  one  tooth  backwards, 
viz.,  from  left  to  right,  which  will  cancel  the  right  to  left 
movement  when  he  gave  A  permission  to  obtain  the  tablet. 

Both  in  absolute  and  permissive  working,  the  small 
plunger  P  on  front  of  case  must  be  depressed  after  each 
manipulation  of  the  instrument  ;  this  plunger  operates 
upon  two  mechanical  pawls  working  in  the  teeth  of  wheels, 
which  are  fitted  to  prevent  the  possibility  (during  quick 
working)  of  tripping  taking  place,  when  either  electro- 
magnet governing  the  main  locking  pawls  is  energized. 


Tver's  Patent  No.  5  Absolute  or  Permissive 
Tablet    Instrument. 


diagram  of  circuits. 

Tver's  Patent  No.  5  Absolute  or  Permissive 

Tablet  Instrument. 
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TVER'S  PATENT  NO.  6  TABLET  INSTRUMENT. 
This  instrument  is  fitted  with  a  block  dial  having  two 
indicators  and  galvanometer  The  upper  disc  indicates 
the  state  of  the  section  for  traffic  in  (what  is  for  the  time 
being)  the  advance  end  of  the  section,  whilst  the  lower 
disc  shows  the  commutator  has  been  turned,  and  a  tablet 
withdrawn  for  a  train  to  depart  from  the  home  end  of  the 
section,  and  also  shows  when  such  train  has  arrived  at 
the  distant  end  of  the  section,  and  has  been  cleared.  The 
commutator  is  interlocked  with  the  main  slide,  and  all 
its  movements  are  controlled  by  the  distant  operator. 
Illustration   of   Working   Section. 

A  has  a  Passenger  train  ready  to  enter  section  and 
proceed  towards  B. 

A  gives  three  beats  on  bell  or  gong,  and,  after  receiving 
the  acknowledgment  from  B,  he  transmits  the  Train 
Tablet  Signal. 

B  replies  by  one  beat,  and  holds  down  his  plunger  for 
the  purpose  of  unlocking  A's  Commutator. 

A  reverses  his  Commutator  from  right  to  left  by  means 
of  the  large  gun-metal  knob,  and  exhibits  the  signal  Out 
on  his  lower  disc  ;  he  then  withdraws  his  slide  with  a  tablet, 
and  gives  B  one  beat,  which  will  turn  B's  upper  disc  from 
In  to  Out,  and  thus  both  discs  will  be  in  unison. 

A  will  hand  the  tablet  to  the  engine-driver,  and  give 
the  Departure   Signal. 

B  will  reply  by  repeating  the  same. 

Upon  the  arrival  of  the  train  at  B,  the  signalman  will 
withdraw  his  slide  empty,  insert  the  tablet,  push  the  slide 
home,  and  give  the  Arrival  Signal.  This  will  unlock 
A's  Commutator. 

A  will  turn  his  Commutator  from  left  to  right,  and 
give  the  Acknowledgment  of  Arrival  Signal.  This 
will  have  the  effect  of  reversing  the  upper  disc  at  B  from 
Out  to  In,  and  prove  to  B  that  A  has  duly  received  the 
Arrival  Signal,  and  has  acted  upon  it.  B  will  give  one 
beat  in  reply,  which  will  also  reverse  the  lower  disc  at  A, 
and  prove  likewise  to  A,  that  B's  machine  has  been 
restored  to  its  normal  condition. 

Both  machines  will  then  be  ready  for  further  working. 

SHUNTING. 

When  a  tablet  (after  having  been  used  for  shunting 
purposes)  is  returned  to  the  cabin,  and  replaced  within 
the  machine  whence  it  was  taken,  the  Commutator 
will  be  unlocked,  the  signalman  will  then  turn  it  from  left 
to  right,  and  transmit  to  the  distant  cabin  the  Arrival 
Signal,  and,  after  receiving  the  acknowledgment,  will 
give  one  beat. 

The  man  at  the  distant  cabin  will  give  the  Acknow- 
ledgment OF  Arrival  Signal,  and  after  receiving  one 
beat  in  reply,  both  machines  will  be  restored  to  their 
normal  condition. 
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diagram   of  circuits. 
Tver's  Patent  No.  6  Tablet  Instrument. 
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TVER'S    PATENT    No.    7    TABLET 
INSTRUMENT. 


This  instrument  is  fitted  with  three  indications  showing 
Line  Closed,  "  Up  "  or  "  Down  "  Train  Approaching, 
and  "  Up  "  or  "  Down  "  Train  on  Line,  the  two  latter 
indications  being  shown  according  to  whether  the  train 
is  proceeding  in  Up  or  Down  direction.  There  are  three 
positions  of  the  main  slide  which  correspond  with  the 
above  indications  ;  viz],  normal  as  shown  ;  slide  half 
drawn,  which  is  a  train  approaching  position,  and  slide 
fully  drawn,  which  is  a   train  on  line  position. 

Outline  of  Working. 


A  holds  down  on  his  Bell-Plunger. 

B  depresses  his  Switch- Plunger  with  his  left  hand, 
and  at  same  time  withdraws  lower  slide  with  his  right 
hand.  The  withdrawal  of  this  slide  (which  can  be  half 
way)  will  reverse  the  commutator  in  instrument,  and  will 
bring  the  signal  Up  Train  Approaching  in  view. 

B  will  then  depress  his  Bell- Plunger,  holding  down 
same  for  a  few  seconds. 

A  upon  receipt  of  this  signal  will  hold  down  his  Switch- 
Plunger  with  his  left  hand,  and  withdraw  his  main  slide 
to  its  full  extent  with  his  right  hand,  which  will  bring 
the  signal  Up  Train  on  Line. 

A  will  remove  the  tablet  from  recess  in  slide,  and  hand 
same  to  engine  driver. 

A  gives  Departure  Signal  to  B. 

As  soon  as  the  train  arrives  at  B ,  B  withdraws  the 
upper  slide,  inserts  the  tablet,  and  pushes  slide  home 

The  passing  of  the  tablet  into  the  cylinder  unlocks  this 
instrument,  and  B  then  pushes  in  the  main  slide,  which 
restores  his  visual  signal  to  Line  Closed  ;  he  will  then 
give  A  the  Arrival  Signal  holding  down  on  the  last  beat. 
A,  upon  receipt  of  Arrival  Signal,  will  depress  his 
Switch-Plunger,  and  push  home  his  main  slide,  which 
will  at  the  same  time  restore  his  visual  signal  to  Line 
Closed. 

For  a  tablet  taken  out  for  shunting,  or  for  the  purpose 
of  entering  some  intermediate  siding,  and  returned  to  the 
station  whence  it  was  issued,  the  manipulation  of  the 
machines  is  practically  the  same. 
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dia"r*m   of  circuits. 
Tver's  Patent  No.  7  Tablet  Instrument. 
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TVER'S   PATENT   INTERMEDIATE 
TABLET  INSTRUMENT. 


This  instrument  is  designed  to  work  on  the  same  line 
wire  as  Tver's  No.  7  Tablet  Instrument,  and  is  used  where 
facilities  are  required  for  entering  sidings,  branch  lines, 
etc..  at  any  intermediate  point  in  a  block  section. 


Main  >  Z..-..^.?r      Main 


Method  of  Working  Section'. 

A  train  leaves  either  X  or  Y  for  the  siding  Z  ;  arriving 
at  the  siding  the  tablet  is  first  used  to  unlock  the  point 
lock  controlling  the  siding  lever.  When  train  is  clear  of 
main  line  tablet  is  withdrawn  from  lock  and  inserted  in  in- 
strument, the  handle  of  same  being  pulled  to  No.  2  position. 
Z  calls  up  X  and  Y  by  'phone  and  X  and  Y  send  signals  on 
their  tablet  instruments,  which  allow  Z  to  pull  handle  to 
No .3  position.  In  this  position  plunger  D  is  depressed,  which 
allows  X  and  Y  to  restore  the  tablet  instruments  to  normal, 
after  which  they  both  send  current  to  Z,  which  allows  handle 
to  be  pulled  to  No.  5  position,  in  which  the  tablet  is  com- 
pletely locked  in  the  instrument,  and  the  line  wire  being 
switched  through,  tablet  working  can  be  resumed  between 
X  and  Y.  To  release  the  tablet  at  Z,  X  and  Y  must  be 
normal  and  send  current  to  Z,  who  pulls  handle  to  No.  3. 
Z  then  presses  plunger  D,  and  sends  current  to  X  and  Y, 
who  each  withdraw  tablet  slide  half  way,  viz.,  train  ap- 
proaching. X  and  Y  send  current  to  Z  who  pulls  handle 
to  No.  1,  and  removes  tablet.  Tablet  is  then  used  to  un- 
lock points  and  after  same  are  put  back  clear  of  main  line, 
train  can  proceed  to  either  X  or  Y — tablet  being  inserted 
in  either  instrument  clears  the  section. 
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THE  ELECTRIC  OCCUPATION  SYSTEM  FOR  SINGLE 
LINES  WORKED  BY  ELECTRIC  TABLET  OR 
STAFF. 

INCREASED  FACILITIES  FOR  WORKING  TRAFFIC 
OVER  SINGLE  LINES. 

The  Electric  Occupation  system  which  has  now  been 
introduced  on  several  of  the  largest  and  most  progressive 
railways  in  the  United  Kingdom,  constitutes  the  most 
important  development  in  connection  with  the  working 
of  single  lines  of  railway  since  the  introduction  of  the 
electric  tablet  system. 

The  Electric  Occupation  system  dispenses  with  the 
necessity  for  flagmen  in  connection  with  engineering 
operations,  and  it  enables  trains  to  pass  each  other  at 
sidings  on  single  lines  without  having  to  make  such  places 
block  posts. 

The  following  are  typical  cases  where  the  electric  occu- 
pation system  can  with  advantage  be  adopted.  These 
cases  are  in  actual  operation  to-day. 

Case   I. 

-A ^ ^^ B 


A — B  represents  a  section  of  single  line  of  railway 
worked  on  the  electric  staff  system.  This  line  is  being 
converted  into  a  double  line  and  C  is  an  intermediate 
siding  to  and  from  which  contractors'  trains  are  required 
to  be  run  for  the  purpose  of  getting  out  materials,  ballast, 
etc.  In  the  ordinary  way  it  would  be  necessary  to  pro- 
vide a  block  post  at  this  siding,  or  whenever  it  was  neces- 
sary to  come  out  of,  or  go  into,  the  siding,  a  token  would 
have  to  be  taken  to  and  from  the  siding,  entailing  consider- 
able delays.  By  the  introduction  of  the  electric  occupa- 
tion system  the  necessity  for  either  of  these  alternatives 
disappears.  An  occupation  instrument  with  an  occupation 
key  is  provided  at  the  siding.  Normally  the  kej'  is  locked 
in  the  instrument.  To  get  out  of  the  siding  the  key  must 
first  be  obtained  to  unlock  the  points,  and  the  key  can  be 
obtained  with  the  consent  of  the  signalman  at  A  and  B, 
provided  no  staff  is  out.  So  long  as  the  key  is  out  of  the 
occupation  instrument  a  token  cannot  be  withdrawn  at 
either  A  or  B.  In  this  way  the  contractors'  train  can 
occupy  the  single  line  immediately  the  line  is  clear  of  the 
ordinary  trains,  and  the  token  circuit  is  again  available 
for  use  for  the  ordinary  trains  immediately  the  con- 
tractors' train  is  safely  locked  in  the  siding. 
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Here  A — B  represents  a  section  of  single  line  worked  on 
the  electric  tablet  system.  C  is  a  junction  leading  to  a 
colliery  Hue.  A  train  leaves  A  for  the  colliery  line,  taking 
with  it  a  tablet  or  occupation  key.  At  C  an  occupation 
instrument  is  provided,  and  when  the  train  is  on  the 
colliery  line,  and  clear  of  the  single  line,  the  tablet  or  key 
is  placed  in  the  occupation  instrument  and  the  electric 
tablet  circuit  is  ready  for  the  passage  of  through  trains. 
When  the  train  requires  to  return,  or  to  go  on  to  B,  the 
tablet,  or  key,  must  first  be  obtained,  and  this  can  only  be 
done  with  permission  of  the  signalman  at  A  and  B,  pro- 
vided all  the  tablets  are  in  the  instruments. 


C.\SE   III. 

D 
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In  this  case  C,  D,  E  are  intermediate  sidings  on  a  long 
tablet  section.  A  train  leaves  A,  having  work  to  do  at 
each  siding  ;  the  train  first  calls  at  C,  and  when  there^  the 
line  is  required  for  a  through  train  from  B  to  A.  When 
the  train  is  in  the  siding  clear  of  the  single  line  the  tablet 
or  key  is  placed  in  the  occupation  instrument,  and  a  tablet 
can  then  be  obtained  for  the  through  train. 

Case  IV. 
C  0  E  F  c  H 


B 


A — B  is  a  section  of  single  line  worked  on  the  electric 
tablet  system.  This  line  is  maintained  by  a  permanent 
wav  gang,  provided  with  a  manual  trolley  capable  of  get- 
ting up  a  very  considerable  speed.  C,  D,  E,  F.  G  and  H 
are  occupation  instruments  fixed  at  about  equal  distances 
apart.  The  gang  is  at,  say,  C,  at  which  place  an  occupa- 
tion key  is  in  the  instrunient,  and  requires  to  get  to  F. 
The  ganger,  with  the  permission  of  the  signalmen,  provided 
all  the  tablets  are  in  the  tablet  instruments,  obtains  the 
occupation  key.     This  is  his  authority  to  occupy  the  line, 
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and,  having  got  the  key,  he  puts  on  the  trolley,  and  runs 
it  to  near  the  point  at  which  occupation  instrument  F  is 
fixed.  So  long  as  he  holds  the  key  a  tablet  cannot  be 
withdrawn  from  either  of  the  tablet  instruments  at  A 
or  B,  and,  therefore,  it  is  not  necessary  for  flagmen  to  be 
put  out  on  arrival  at  F,  and  after  putting  the  trolley  off 
the  line,  the  ganger  inserts  the  key  in  the  instrument 
at  that  point,  and  having  done  so  informs  the  signalmen, 
who  are  then  free  to  withdraw  tablets  in  the  usual  way. 

If  the  ganger  wants  occupation  to  take  out  a  rail,  he 
can  again  dispense  with  flagmen  if  he  obtains  the  key. 

The  great  advantage  of  the  occupation  system,  is  that 
the  electric  tablet  system  can  be  restored  by  the  insertion 
of  the  key  in  any  one  of  the  occupation  instruments  on 
the  section,  while  occupations  can  be  safely  and  instantly 
arranged  with  the  traffic  staff. 

These  increased  facilities  for  arranging  occupations, 
running  trolleys,  and  the  saving  of  the  flagmen  admit  of 
a  permanent-way  gang  looking  after  a  longer  length  of 
line  than  would  otherwise  be  possible,  and,  in  consequence, 
20  per  cent,  can  be  saved  in  the  wages  bill  of  the  permanent- 
way  staff. 

TVER'S 
KEY   TOKEN    APPARATUS. 

This  apparatus  is  as  shown  in  the  accompanying  illus- 
tration. It  consists  of  a  Galvanometer  indicating  the 
passage  of  Line  Currents,  a  Bell  Plunger,  and  also  the  Key 
Token,  which  itself  reverses  the  Commutator,  and  is  the 
permit  for  the  driver  to  proceed. 

A  Bell,  or  Gong,  is  provided  with  the  instrument. 

Outline   of  Working. 

Let  A  and  B  represent  two  stations. 

A  wishes  to  send  a  train  to  B. 

A  calls  B  as  per  code. 

B  replies  as  per  code,  holding  down  for  a  few  seconds 
on  the  last  beat. 

A  lifts  the  Key  Token  from  the  magazine,  inserting 
it  in  the  axis  of  the  Commutator.  If  the  current  received 
from  B  is  of  the  right  polarity,  the  Electric  Lock  is 
released,  the  Commutator  and  Key  Token  are  turned  on 
their  common  axis  in  an  anti-clockwise  direction  through 
an  angle  of  180  degrees,  and  the  Key  Token  is  withdrawn 
from  the  instrument  and  handed  to  the  driver. 

A  gives  the  departure  signal  to  B. 

The  two  instruments  are  then  out  of  phase,  so  that  a 
second  token  cannot  be  withdrawn. 

On  the  arrival  of  the  train  at  B,  B  inserts  the  Key 
Token  in  the  axis  of  the  Commutator,  and  turns  the  two 
in  a  clockwise  direction  through  an  angle  of  IS)  degrees  ; 
the  Key  Token  is  then  withdrawn  from  the  axis  of  the 
Commutator  and  placed  in  the  Magazine 
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B  gives  the  arrival  signal  to  A. 

Both  instruments  are  now  in  phase,  and  a  token  can  be 
withdrawn  from  one  end  or  the  other. 

The  following  are  some  of  the  advantages  of  the  above 
apparatus. 

This  instrument  is  extremely  simple  to  operate  and  easy 
to  maintain.  It  is  absolutely  fool-proof,  tampering  being 
impossible. 

The  instrument  is  neat  and  compact.  It  has  only  one 
moving  part,  viz.,  an  electrically-controlled  rotary  Com- 
mutator, which  during  the  process  of  rotation  forms,  with 
the  Key  Token,  a  single  mechanism. 

A  Key  Token  can  be  restored  to  the  instrument  from 
which  it  was  withdrawn,  after  having  been  used  for  shunt- 
ing, etc. 

Small  amount  of  battery  power 

Single  line  wire. 

No  permanent  currents. 

A  minimum  of  parts  and  a  minimum  maintenance. 

This  instrument  can,  if  desired,  be  arranged  to  work  on 
the  same  electrical  principle,  and  give  similar  visual  indi- 
cations as  to  the  state  of  the  line,  as  Tyer's  Patent  Auto- 
matic Tablet  Instrument. 


TYER'S  PATENT  TOKEN   EXCHANGER. 
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For  the  preservation  of  the  tablets  or  tokens,  and  to 
facilitate  their  handling,  they  are  carried  in  leather  pouches. 
Train  staffs  and  tablet  pouches  are  usually  equipped  with 
large  catching  rings  so  that  they  may  be  picked  up  and 
set  down  at  speed.  Automatic  tablet  exchangers  are 
coming  extensively  into  use,  enabling  tablets  to  be  ex- 
changed at  speed  of  45  miles  per  hour.  The  illustration 
shows  one  of  the  types  of  exchangers  supplied  bv  Messrs. 
Tyer  &  Co.      (Page   163.) 

Messrs.  Tyer  have  also  devised  a  very  compact  and 
simple  form  of  Tablet  Pouch,  and,  as  seen  in  the  illus- 
trations, the  reading  on  the  tablet  is  seen  at  a  glance, 
and  further,  the  tablet  for  the  proper  section  can  only 
be  inserted  in  the  tablet  pouch  appertaining  to  that 
section.  In  other  words,  tablets  with  round,  square  or 
triangular  configuration  are  non-interchangeable,  which 
is  a  great  step  in  the  right  direction  towards  ensuring 
the  safest  possible  single  line  working. 


TVER'S  TABLET  POUCH. 
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Tver's   Patent  Key  Token  Instrument. 
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Commutator  (DeveJoped) 


Diagram  of  Circuits. 
Tver's    Patent  Key  Token  Instrument, 
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CAB      SIGNALLING      AND      AUTOMATIC      TRAIN 
CONTROL. 

Probably  more  attention  has  been  directed  to  this 
subject  than  to  any  other  railway  safety  appliance. 

While  the  need  for  some  method  of  repeating  the  sema- 
phore signals  in  the  engine  cab  is  most  acutely  felt  when 
fog  or  snow  prevails,  the  desirability  of  providing  some 
reliable  form  of  cab  signalling  combined  with  automatic 
train  control  under  all  weather  conditions  can  hardly 
be  questioned. 

Nearly  forty  years  ago  Messrs.  Lartigue  &  Forest,  of 
the  Northern  of  France  Railway,  introduced  insulated 
ramps  or  "  crocodiles  "  in  the  four-foot  way,  which,  when 
the  Distant  signal  is  at  "  Danger,"  allow  a  current  of 
electricity  to  be  picked  up  by  an  apparatus  on  passing 
engines,  thus  opening  a  steam  whistle  on  the  engine  and 
warning  the  driver. 

Many  inventors  have  sought  to  produce  distinctive 
cab  signals  for  "Danger"  and  "Clear"  by  mechanical 
means,  but  there  are  strong  inherent  objections  to  this 
method,  as  it  involves  some  form  of  moving  apparatus 
on  the  track. 

Several  systems  of  inductive  or  wireless  control  have 
also  been,  or  are  being,  tried,  one  of  which  (the  "  Pren- 
tice "  system)  is  actually  in  use  in  Canada. 

Some  of  the  principal  objections  and  conditions,  failure 
to  comply  with  which  render  impracticable  the  vast 
majority  of  the  patented  systems,  are  : — 

1 .  The  use  of  moving  ground  apparatus,  on  account  of 
snow  and  frost  and  other  difficulties. 

2.  The  use  of  an  electric  current  to  produce  the  "Danger" 
signal,  as  failure  of  the  apparatus  would  suppress 
the  "  Danger  "  signal. 

3.  Wireless  or  inductive  systems  depending  on  delicate 
electrical  apparatus  have  hardly  yet  proved  reliable 
enough  for  all-round  everyday  working. 

4.  In  addition  to  giving  a  distinctive  audible  signal  for 
"  Danger  "  and  "  Clear  "  respectively,  to  be  satis- 
factory the  apparatus  should  also  apply  the  brake. 

5.  A  satisfactory  system  should  not  embody  any  appara- 
tus which  interferes  with  the  continuous  look-out 
ahead  on  the  part  of  the  driver. 

Under  the  "  Prentice  "  system  of  inductive  control  a 
copper  conductor  is  laid  in  wooden  troughing  between  the 
rails.  When  the  track  is  clear  this  conductor  is  fed  from 
a  small  sub-station  with  Hertzian  waves,  which  are,  how- 
ever, cut  off,  should  the  track  be  occupied.  Attached 
below  the  engine  is  a  row  of  wires  about  two  feet  from  the 
ground  conductor,  and  through  these  the  Hertzian  waves  are 
conducted  to  suitable  control  apparatus  in  the  engine  cab. 
When  the  track  is  occupied  no  current  is  received  on  the 
engine,  and  a  red  light  is  exhibited,  and  the  brake  gradually 
applied,  but  so  long  as  the  track  remains  clear  the  current 
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received  restrains  the  danger  signal,  and  a  green  light  is 
exhibited.  As  the  apparatus  may  get  out  of  order  or  the 
engine  may  have  to  run  over  sections  of  line  not  equipped, 
the  driver  is  given  means  for  permanently  restraining  the 
application  of  the  air  brake,  and  while  this  portion  of  the 
apparatus  is  cut  out,  the  red  light  remains  showing  in 
the  cab. 

The  only  two  cab  signalling  systems  which  are  in  actual 
daily  use  on  British  Railways  are  the  Combined  Auto- 
matic Train  Control  and  Audible  Signal  system,  which  is 
now  in  operation  on  fhe  G.W.R.  on  187  miles  of  track, 
and  was  first  introduced  in  19(i6,  and  the  Raven  Cab 
Signalling  Apparatus,  which  is  installed  on  46  track  miles 
of  the  North-Easern   Railway. 

A  general  description  of  each  of  these  systems  with 
diagrams  is  given  below,  from  which  it  will  be  seen  that 
while  in  some  respects  there  is  similarity  between  the  two 
systems,  the  one  in  operation  on  the  G.W.R.  is  simpler 
than   the   Raven  svstem. 


GENERAL    DESCRIPTION    OF    COMBINED    AUTO- 
MATIC   TRAIN   CONTROL  AND  AUDIBLE    SIGNAL 
SYSTEM    IN    USE    ON    THE    GREAT    WESTERN 
RAILW^AY. 

The  primary  object  of  this  system  is  to  give  an  audible 
warning  on  the  engine  when  the  train  is  approaching  a 
Distant  signal  in  the  "  Stop  "  position,  and  in  the  event  of 
this  warning  being  disregarded  to  automatically  apply  the 
brakes  so  as  to  ensure  the  train  being  pulled  up  before  it 
reaches  the  Home  signal. 

Another  and  distinctive  audible  indication  is  also  given 
on  the  engine  when  the  Distant  signal  is  at  "  Proceed." 
The  value  of  this  latter  indication  is  that  it  facilitates  the 
running  of  the  train  when  the  line  semaphore  signals 
cannot  be  seen  during  fogs  and  snowstorms. 

The  audible  signals  given  are  the  sounding  of  a  siren 
indicating  "  Stop  "  and  the  ringing  of  a  bell,  indicating 
"  Proceed." 

The  point  at  which  the  audible  signals  are  given  is 
usually  about  400  yards  before  the  Distant  signal  is 
reached.  Where,  however,  the  Distant  signal  is  a  lower 
arm  on  a  "  Stop  "  signal,  the  audible  signals  are  given 
just  as  the  "  Stop  "  signal  is  passed. 

The  apparatus  fixed  on  the  permanent  way  for  operating 
the  audible  signals  on  the  train  is  a  ramp  about  40  ft.  long, 
which  is  fixed  between  the  running  rails,  and  is  made  up 
of  a  steel  T-bar  mounted  on  a  baulk  of  timber.  The 
ramp  at  its  highest  point  is  4  in.  above  rail  level 

A  telegraph  wire  connects  the  ramp  with  a  switch  in 
the  signal  box.  This  switch  is  attached  to  the  lever  con- 
trolling the  Distant  signal,  so  that  when  the  lever  is  placed 
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in  the  "  proceed "  position,  an  electric  battery  is  con- 
nected to  the  ramp,  and  so  that  when  the  lever  is  placed 
so  as  to  put  the  signal  in  the  "  Stop  "  position,  the  battery 
is  disconnected  from  the  ramp.  The  ramp  is,  therefore, 
electrified  when  the  Distant  signal  is  at  "  Proceed." 
When  the  Distant  signal  is  at  "  Stop  "  the  ramp  is  elec- 
trically "  dead,"  as  is  also  the  case  in  the  event  of  the 
battery  failing,  or  in  the  event  of  the  telegraph  wire  break- 
ing. 

The  apparatus  on  the  engine  comprises  a  contact  shoe  ; 
an  electrically  controlled  brake  valve  and  siren  combined, 
and  an  electric  bell. 

The  contact  shoe  is  fixed  in  the  centre  line  of  the  engine, 
and  projects  to  within  2^  in.  above  rail  level,  in  which 
position  it  is  held  by  gravity  assisted  by  a  powerful  spring. 
It  is  capable  of  being  raised  vertically,  and  being  in  line 
with  the  ramp  it  will  be  seen  that  it  is  lifted  1 1  in.  whenever 
a  ramp  is  passed  over.  This  lift  of  1|  in.  is  utiUzed  for 
effectively  opening  a  switch  attached  to  the  contact  shoe. 
The  switch  is  connected  with  the  electrically  controlled 
brake  valve  and  siren  in  such  a  way  that  whenever  it  is 
opened  it  result.s,  except  as  hereafter  described,  in  air 
being  admitted  through  the  siren  and  the  brake  valve  to 
the  train  pipe,  sounding  the  siren  and  applying  the  brakes 
on  the  train.  This  is  what,  in  fact,  happens  when  a  train 
passes  over  an  unelectrified  ramp.  The  driver,  by  acknow- 
ledging the  audible  "  Stop  "  warning  given  by  the  siren 
can  stop  the  siren  sounding  and  stop  the  application  of 
the  brakes.  This  he  does  by  raising  a  handle  provided 
for  the  purpose. 

Should  the  ramp  be  electrified  (through  the  signalman 
having  placed  in  the  "  Proceed  "  position  the  lever  con- 
trolling the  Distant  signal)  when  the  train  passes  over  it,  the 
brake  valve  is  not  released,  but  the  bell  on  the  engine  rings 
instead.  The  contact  shoe  is  lifted  as  before,  but  the 
current  is  picked  up  from  the  electrified  ramp,  the  effect 
of  which  is  to  cut  out,  or  render  inoperative,  the  switch 
attached  to  the  contact  shoe,  so  that  although  the  switch 
is  opened,  it  does  not  release  the  valve  admitting  air 
through  the  siren  to  the  train  pipe. 

In  the  event  of  a  failure  to  pick  up  the  electric  current 
when  a  ramp  is  passed  over,  the  effect  on  the  engine 
apparatus  is  the  same  as  though  the  ramp  were  not 
electrified  ;  that  is,  the  valve  admitting  air  through  the 
siren  to  the  train  pipe  is  opened,  and  the  brakes  applied 
on  the  train  as  though  a  "  Stop  "  indication  had  been 
given,  thus  ensuring  that  any  failure  of  the  electrical 
apparatus  shall  produce  the  "  Danger  "  indications  irre- 
spective of  the  position  of  the  signals. 
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RAMP  AND   ENGINE   CIRCUITS- 

Fig.  3. 
CONTACT    SHOE    ON    UN£LECTRIFIEO    RAMP,    "STOP"   SIGNAL    BEING    GIVEN. 


R  Bfll. 

V  Brake  ratvt  uki  i 

C  ConUfl  6liot. 

S  Switch  (in  &i(piai  box). 

S,  Switch  (attacbiid  U>  ronUct  akoej. 

B  Battery  (lioe). 

B,  Battory  (eDgiiie). 

E  Electro -magnet  coDlr&llIiig  britke  T<Jve  aud  tixtm. 

H  ReBtoriDg  bacdle. 

Note:. — Switch  Sj  opeo  ;  electro-magoet  £  de-eoergised  ;  brake  valve  and  sireo  V  opeo.     Handle  H  used  to 
r«Btof«  braki  Tnlve  aad  ni-ea  ctaaed  when  &witeb  S*  retaros  to  Bomal.      Line  switch  S  open  balt«ry  B  diacoa* 

nected  frem  ramp  wire. 

RAMP  AND   ENGINE    CIRCUITS 

Fig.  4 
CONTACT    SHOE    ON    ELECTRIFIED    RAMP.       PROCEED      SIGNAL    bEING    GIVEN. 


'^ 
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R      Bell 

V.  Brake  taird  ind  tirao. 
C     Contact  shoe. 
S      Soileb  (IB  ugsal  bOK) 
S,    Smlcli  (atUched  to  codUiX  abM). 
e     Batlen  (liae). 
8,    BatUr;  (eogisa) 

E     Electre-magnet  cootrolling  braka  vaiva  aod  aira&. 
H     Restoring  baadle 
broksD  aa  in  Fig.  S ;    lise   aireuit  coapleta   al  aiiotva  b>  arrawi  ,    b«il  rifiglQg ,    Mill 


.Noii.— Ueal 
elefrUo  magnet  maintaiDed  eoergiaai  b;  lin«  eiirrent  Oom  baUery  B 


Great  Western  RaIlwav — Cab  Signalling. 
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LINE   CIRCUIT. 

Fig    1 


R  Ramp. 

T  Telegraph  Wire. 

S  Switch  (operated  b;  lever  working  aigoal). 

B  Batlerj. 

Note. — Batter/  cODaected  to  Ramp  only  when  signal  is  in  "  Proceed ''  poaitioa. 


LOCAL    ENGINE    CIRCUIT. 

Fig.  2. 
NORMAL. 


R  Bell. 

E  £teclro-magQet  coDtroUiog  br&ke  t&Iva  aod  sireo. 

V  Brake  valfe  aod  sireD. 

C  CooUct  shoe. 

Si  Snitch  attached  to  contact  iboe. 

B,  Battery  (eugioej. 

H  Restoring  haodte. 

Non.— Local  circuit  closed,  electro-iuasQel  euer^tsed  Ukke  vake  aad  aireo  clustsd. 


Great  Western  Railway — Cab  Signalling. 


RAVEN'S    CAB     SIGNALLING     APPARATUS. 

Cabin  Equipment. — With  the  adoption  of  this  appara- 
tus there  is  no  departure  from  the  general  equipment  of  a 
signal  cabin  or  method  of  operating  same.  There  are 
additions  which  cab  signalling  makes  necessary  for  indi- 
cating in  the  engine  cab  the  conditions  of  the  road  to  be 
traversed  as  the  outdoor  semaphore  signals  indicate. 

The  current  collected  by  the  shoe  is  distributed  from  the 
cabin  over  the  bars  B,  C,  D,  and  E^  or  E^  corresponding  to 
whichever  road  may  be  set.  This  is  decided  by  the  pulling 
over  of  the  levers  that  apply  to  the  particular  road  to  be 
traversed.  The  circuit  being  completed  by  contacts 
'  p  '  and  '  q  '  or  '  r '  and  '  s ',  which  are  made  when  the  cor- 
responding levers  are  pulled. 

When  the  route  to  be  traversed  is  decided  upon  the 
signalman  pulls  the  levers  corresponding  to  that  route.  For 
example,  we  suppose  No.  1  road  is  clear  ;  he  then  pulls 
levers  '  H^  '  and  '  A'^ '  This,  besides  lowering  the  outdoor 
semaphore  arms,  transmits  a  current  from  battery  '  w^  ' 
through  contacts  '  p  '  and  '  q,'  to  bars  B,  C,  D  and  E. 

Should,  however,  any  emergency  arise  or  in  the  first 
instance  the  road  be  not  clear  the  signalman  puts  '  A^  ' 
to  Danger.  In  this  case  '  H^  '  only  being  pulled  does  not 
energize  any  of  the  bars,  but  the  signalman  can,  by  tapping 
switch  '  T^',  momentarily  energize  the  bars.  This  has  the 
effect  of  lowering  and  raising  the  small  semaphore  arm  and 
deflecting  the  pointer  of  Route  Indicator  in  the  engine  cab 
from  the  centre  to  No.  1  position.  This  calls  the  driver's 
attention  and  intimates  to  him  a  caution  signal. 

By  the  galvanometers  '  U,'  '  U^  ',  '  U-  '  in  the  cabi»,  the 
signalman  can  ascertain  that  the  current  is  being  trans- 
mitted to  the  bars,  the  circuit  being  completed  through 
resistances  '  V,'  '  V^,'  '  V^.'  These  resistances  in  no  way 
interfere  with  signals  received  on  the  engine,  but  form  a 
high  resistance  shunt  on  the  engine  circuit  when  the 
brushes  are  on  an  energized  bar. 

Engine  Equipment. — Semaphore  arm  is  actuated  by 
armature  '  a.' 

Route  indicator  has  two  armatures,  '  b  '  a  non-polarized, 
and  '  c,'  a  polarized  cylindrical  one.  The  latter  carries 
a  slotted  sector  '  d  '  in  which  rides  a  locking  pin  '  e.'  This 
pin  is  lifted  when  armature  'a'  of  semaphore  coils  is  dropped 
through  the  medium  of  rod  '  f  '  and  unlocks  slotted  sector 
'  d.'  The  pointer  when  released  takes  up  a  central  position 
until  the  next  indication  is  received. 

Shoe  '  g  '  is  lifted  when  passing  over  any  of  the  bars. 
This  opening  switch  '  h,'  thus  breaking  down  closed  circuit 
of  semaphore  coils  which  allowing  armature  '  a  '  to  drop 
raises   small   semaphore    arm    to    Danger  ;     this,    besides 


releasing  route  indicator  pointer,  opens  contacts  '  j  '  and 
closes  contacts  '  k.'  the  latter  completing  a  circuit 
through  the  bell,  which  commences  to  ring  immediately 
the  shoe  has  passed  off  the  bar,  when  the  switch  '  h  '  is 
again  closed.  This  indication  continues  until  the  next  is 
received.  If  the  driver  chooses  to  stop  the  bell  ringing  he 
can  by  pressing  switch  '  I.'  Should  the  conditions  be 
imaltered  on  arrival  at  bar  B,  the  circuit  of  semaphore  coils 
will  again  be  broken  down  and  the  bell  will  re-commence 
ringing  after  the  bar  has  been  passed. 

Should  the  line  signals  be  lowered,  the  bars  B,  C,  D,  E^ 
or  E-  will  be  energized.  This  current,  being  picked  up  by 
the  brushes  '  m  '  and  '  m^  '  of  the  shoe,  operates  route 
indicator  pointer  to  No.  1  or  No.  2  for  whichever  road  is 
set  also  non- polarized  armature  '  b  ',  which  closes  contacts 
'  n,'  thus  re-establishing  circuit  of  semaphore  coils. 

Conclusion. — In  the  foregoing  description  reference 
has  only  been  made  to  a  two-way  diverging  junction,  as 
shown  in  Fig.  2.  The  ruling  conditions  are  applicable  to  a 
three-way  or  four-way  junction,  the  only  difference  being 
that  bars  B,  C,  and  D  are  duplicated,  also  line  wire,  etc., 
as  in  Fig.  1. 
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Fig.   1. 
Raven's  Cab  Signalling  Apparatus. 
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TVER'S  AUTOMATIC  TRAIN  CONTROL  SYSTEM. 

This  arrangement  provides  for  the  positive  control  over 
the  movements  of  a  second  train  entering  any  section  of 
railroad  so  protected,  and  is  arranged  to  indicate  auto- 
matically whether  the  device  is  in  working  order.  Any 
given  length  of  railroad  is  divided  into  insulated  block 
sections  in  the  usual  manner,  and  by  means  of  suitable 
relays  an  automatic  trip,  or  train  stop,  is  set  in  operation 
by  a  second  train  entering  a  protected  portion  of  the 
road,  the  stop  engaging  a  sealed  glass  tube,  which,  pro- 
jecting from  the  engine,  forms  part  of  the  vacuum  brake 
system  of  the  train. 

The  drawing  shows  diagrammatically  the  arrangement  cf 
the  various  electrical  appliances  on  three  consecutive 
sections  of  the  line,  all  the  parts  being  repeated  and  in 
their  normal  positions. 

The  trip  or  stop  device  can  be  fixed  near  the  home, 
starting  or  distant  signal,  and  is  normally  held  in 
an  inoperative  posiffon,  remaining  in  this  position  until 
a  second  train  comes  within  the  protected  portion  occupied 
by  a  preceding  train. 

The  short  length  of  insulated  track  X,  XI,  X2,  are 
known  as  "  test  portions,"  and  the  length  Y,  Yl,  Y2,  as 
"  main  portions." 

A  train  entering  the  test  portion  X  de-energizes  relay 
A,  current  passing  from  battery  P  through  lower  contacts 
of  A  to  relay  M,  which  is  called  a  maintaining  relay  to 
contact  Bl  made  by  main  portion  relay  B,  and  thence 
through  the  coils  of  train  stop  magnet  S,  and  repeating 
relay  K  back  to  the  battery  P  ;  the  armature  of  relay  M 
being  attracted  forms  an  alternative  circuit  for  the  ener- 
gizing of  Train  Stop  magnet  S.  During  the  passage  of  a 
single  train  S  is  at  all  times  energized.  Should,  however, 
a  second  train  enter  X  before  the  preceding  train  has 
cleared  main  portion  Y,  the  maintaining  circuit  through 
relay  M  will  be  disconnected,  and  the  Train  Stop  Swill  be 
de-energized  and  rise  to  its  operative  position.  The 
Commutator  N  attached  to  the  train  stop  SI  is  arranged 
to  give  a  visual  signal  in  the  cabin,  and  if  the  stop  S  rises 
to  its  operative  position  the  signalman  is  warned  by  an 
audible  signal  in  addition  to  the  visual  indicator.  Should 
the  Train  Stop,  through  any  cause,  rise  to  its  operative 
position  without  the  current  through  its  magnet  coils 
being  interrupted,  the  indicator  will  show  "  wrong"  and 
the  bell  will  ring.  Similarly,  should  the  current  fail  with- 
out the  Train  Stop  rising,  the  warning  signal  will  again  be 
given  on  the  indicator  and  bell. 

The  apparatus  can  readily  be  made  to  show  a  red  light, 
or  other  signal,  to  the  driver  of  the  train  in  a  similar  way 
as  the  indication  is  given  in  the  signal  cabin. 


TviBs  Elccthic Automatic  Train 
—  Control  System  — 
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TELEPHONES  ON  RAILWAYS. 

Telephone  apparatus  consists  primarily  of  a  Trans- 
mitter to  speak  into,  a  Receiver  to  listen  at,  some  device 
for  calling  the  attention  of  the  station  required  to  be 
spoken  to,  and  a  bell  or  other  suitable  appliance  to  enable 
them  to  call.  A  diagram  of  a  single  telephone  circuit 
is  given  (Fig.  1). 

The  carbon  granule  transmitter  is  most  generally  used, 
and  has  a  resistance  at  rest  of  45  ohms.  A.  sketch  (Fig.  2) 
of  the  Western  Electric  Company's  solid  back  transmitter 
is  given. 

The  principle  upon  which  it  works  is  that  the  impact 
of  the  sound  air  wave  on  the  diaphragm  causes  the  granules 
to  pack  together  slightly  and  so  decrease  their  electrical 
resistance  to  a  current  already  flowing  through  them. 
When  the  force  of  the  air  wave  is  exhausted,  the  diaphragm 
recovers  and  the  pressure  on  the  granules  becomes  normal 
again.  As  speech  is  sound,  air  waves  of  high  frequency, 
with  amplitude,  pitch  and  wave  formed  of  infinite  varie- 
ties, it  will  be  realized  that  a  transmitter  requires  to  be 
well  made,  and  carefully  adjusted,  to  give  satisfactory 
results. 

Receivers  are  made  fn  many  types.  They  consist 
essentially  of  a  diaphragm"  of  iron  supported  at  its  edges 
across  the  poles  of  a  powerful  permanent  magnet.  The 
magnet  is  wound  with  a  coil  or  coils,  which  carry  the 
speech  current. 

The  varying  speech  current  causes  the  permanent 
magnetism  to  be  varied  in  strength  to  the  same  degree, 
and  it  in  turn  attracts  or  releases  the  diaphragm.  The 
rapid  movement  of  the  diaphragm  sets  up  sound  waves 
and  reproduces  those  striking  the  transmitter. 

A  typical  receiver  is  shown  (Fig.  3).  For  short  distance 
circuits  their  resistance  is  60  ohms.  Fig.  4  shows  a  modern 
wall  set  and  Fig.  5  a  modern  pedestal  set,  both  us9d 
with  C.B.  (central  battery)   working. 

When  more  than  two  stations  are  connected  by  tele- 
phone, it  is  necessary  to  provide  facilities  to  enable  any 
pair  to  speak  together. 

This  can  be  done  in  a  small  way  up  to  thirty  stations 
by  code,  or  selective  ringing  on  an  omnibus  circuit. 

Beyond  this,  resort  to  an  exchange  has  to  be  made,  and 
in  some  cases  for  fewer  than  thirty  stations  a  small  ex- 
change is  preferable. 

The  system  of  omnibus  circuit  working  to  be  adopted 
depends  on  whether  secrecy  is  required. 

Where  it  is  considered  necessary,  the  circuit  could  be 
arranged  as  shown  (Fig.  6). 
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Another  arrangement  of  selective  circuits  is  worked 
on  the  central  battery  system  for  signalling.  This  is 
used  in  connection  with  Train  Control  systems,  where 
the  controller  can  ring  up  any  station,  and  they  can  tell 
him,  but  the  stations  cannot  speak  to  each  other. 

A  diagram  of  connections  is  given  (Fig.  7),  which  is 
self-explanatory. 

The  procedure  is  as  follows  : — 

For  Controller  to  Call  Station. 

The  station  is  selected,  and  the  electrical  connections 
cause  the  relay  at  that  station  to  come  into  action  and 
close  the  bell  circuit.  Key  A  or  B  is  pressed  as  required, 
and  makes  the  call.  The  combination  ringing  and  listen- 
ing key  has  to  be  in  the  ringing  position.  After  the  call 
is  made  the  combination  key  is  restored  to  middle  position. 
The  station  lifts  receiver  off,  and  so  closes  line  circuit,  and 
actuates  line  relay.  This  lights  the  red  calling  lamp. 
The  controller  then  puts  combination  key  into  speaking 
position,  which  connects  his  instrument  to  the  station. 
It  also  puts  out  calling  lamp  ;  closes  the  engaged  lamp 
relay  circuit,  and  lights  white  lamp  for  that  station  on 
all  the  desks.  Upon  finishing  conversation  the  station 
hangs  up  receiver,  and  controller  sets  switch  into  middle 
position. 

The  principle  on  which  an  exchange  works  is  shown 
(Fig.  8). 

Suppose  there  are  four  telephone  instruments,  A,  B,  C 
and  D,  situated  in  different  parts  of  a  railway.  Now  A 
wants  to  speak  to  D.  On  A's  instrument  there  is  either 
a  small  handle,  which  he  turns,  or  he  simply  has  to  lift 
the  receiver  off  the  hook,  when  he  starts  to  use  it.  In 
either  case  he  calls  the  attention  of  an  operator  sitting  in 
front  of  the  exchange  switch-board  on  to  which  the  wires 
from  his  instrument  and  all  the  other  instruments  are 
connected. 

When  he  turns  the  handle,  a  shutter  drops  down  and 
perhaps  rings  a  bell,  and  when  the  receiver  only  has  to  be 
lifted,  lamp  lights  or  a  white  disc  is  exposed  on  the  ex- 
change board. 

The  operator  does  not  know  to  whom  A  wishes  to 
speak  ;  so  by  means  of  a  plug  on  the  end  of  a  flexible  wire 
connection  is  made  with  the  end  of  A's  wire  (this  is  called 
the  answering  plug.)  A  telephone  is  attached  to  the 
flexible,  which  enables  the  operator  to  ask  A  for  the  number 
required.  When  this  is  obtained,  the  operator  connects 
the  "  calling  plug  "  to  the  ends  of  the  wires  from  D,  and 
presses  a  small  lever,  or  button,  which  causes  a  current  to 
ring  a  bell  at  D.  When  D  answers,  the  operator  dis- 
connects her  instrument,  leaving  A  and  D  joined  together. 
When  the  conversation  is  finished  the  attention  of  the 
exchange  is  called  by  either  turning  the  handle  again,  or 
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hanging  the  receiver  up,  on  the  hook.  In  the  first  case, 
it  causes  a  shutter  to  drop,  and  in  the  other  a  lamp  to 
go  out. 

The  above  is  the  operation  of  an  exchange  in  its  simplest 
form,  but  there  are  many  other  conditions  and  circum- 
stances that  have  to  be  met,  and  are  dealt  with  by  means 
of  special  appliances,. 

When  the  number  of  "  lines  "  connected  to  an  exchange 
exceeds  the  amount  which  one  operator  can  deal  with, 
it  is  necessary  to  arrange  the  switch-boards  so  that  any 
operator,  should  there  be  more  than  one,  can  plug  on  to 
any  line  without  leaving  the  section  of  the  switch-board 
she  is  supervising. 

This  is  done  by  means  of  the  "  multiple  "  system. 

The  "  lines  "  terminate  on  the  switch-board  at  a  "  jack." 
Every  line  connected  is  repeated  on  every  section  of  the 
exchange  board  by  a  multiple  jack  (Fig.  9). 

It  will  be  realized  that  an  operator  must  be  able  to 
tell  whether  any  line  she  requires  is  engaged.  This  is 
done  by  "  testing,"  which  involves  touching  the  edge  of 
the  required  jack  with  the  "  answering  plug."  If  the 
operator  hears  a  "  click  "  in  her  receiver  it  shows  the  line 
is  engaged. 

The  latest  application  for  railway  working  is  in  con- 
nection with  Train  Control  systems.  By  its  means  in- 
formation is  sent  to  a  central  office  from  points  situated 
in  all  parts  of  the  control  area,  and  is  used  to  enable  trains 
to  be  moved  and  loaded  in  the  most  satisfactory  manner ; 
staff  relieved,   and  locomotive  power  efficiently  used. 

It  is  essential  that  communication  should  be  quickly 
and  easily  established,  and,  in  consequence,  in  big  control 
schemes  the  exchange  has  been  done  away  with,  and  the 
control  office  operates  his  own  switch-board.  Fig.  7  is 
the  diagram  of  connections  for  a  big  control  office. 

Central  battery  lamp  signaUing  is  used  in  the  Control 
office,  as  it  is  desirable  that  all  the  operations  should  be 
conducted  as  quickly  as  possible.  As  the  different  sections 
of  the  work  are  looked  after  by  different  men,  it  is  neces- 
sary that  an  engaged  lamp  should  show  on  each  desk 
when  a  circuit  is  occupied.  A  white  lamp  shows  on  each 
desk  when  this  is  so.  Likewise  a  call  should  show  on 
each  desk  until  taken  up. 

"  Ringing  out  "  to  stations  is  done  selectively. 
"  Ringing  in  "  is  arranged  so  that  all  matters  of  one  sort, 
such  as  relief  of  men,  should  go  direct  to  one  desk.  This 
is  obtained  by  the  provision  of  a  special  button  on  the 
telephone  instrument,  which  calls  this  desk  only.  The 
"  ringing  in  "  is  by  a  red  lamp  signal. 

"  Ringing  out  "  current  is  obtained  from  vibratory 
generators,  worked  from  accumulators,  or  dry  cells. 

The  power  to  work  large  telephone  exchanges,  i.e., 
those  with  over  100  extension  lines,  is  usually  obtained 
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from  a  24-volt  accumulator  battery,  when  the  central 
battery  system  of  working  is  adopted. 

This  battery  provides  speaking  and  exchange  signalling 
current  throughout  the  exchange  area. 

With  small  exchanges  large  Dania  dry  cells  are  sufficient 
for  the  local  speaking  ;  the  ringing  out  and  in  being  done 
by  hand-driven  magnetos. 

The  outgoing  wires  from  an  exchange  or  control  office 
are  usually  contained  in  air  space  paper-insulated  cables. 

These  cables  consist  of  single  hard-drawn  copper  con- 
ductors weighing  10,  20  or  40  or  more  lbs.  per  mile,  wrapped 
in  a  ribbon  of  dry  paper.  The  wires  are  made  up  in  pairs, 
which  are  twisted  together.  The  paper  wrapping  is 
coloured.  In  some  cables  similar  colours  are  twisted 
together,  a  red  and  white  thread  being  wound  round  each 
wire  to  distinguish  it.  Full  particulars  of  the  usual  colour 
schemes  for  paper  wire  cables  will  be  found  in  the  Post 
Office  Telegraph's  Technical  Instructions  XIV.  The 
Post  Office  colour  scheme  for  switchboard  cable  is  shown 
in  the  table. 

The  pairs  are  made  up  in  layers  to  the  required  number 
as  many  as  600  pairs  cable  having  been  successfully 
manufactured. 

A  convenient  size  for  railway  work  is  25  pr,  40  lb,  cable. 

A  sheath  or  tube  of  lead  is  formed  round  the  pairs  and 
this  forms  an  air  and  water-tight  covering. 

As  the  insulation  of  the  wires  from  each  other  and  the 
lead  sheath  depends  on  the  dryness  of  the  paper,  special 
precautions  must  be  taken  to  prevent  wet  obtaining  access 
to  the  paper.  Pot-heads  are  used  to  seal  the  cable  where 
the  outside  wires  join  the  cable  wires.     Fig.  lU. 

In  the  early  days  of  telephony  an  earth  return  was 
used  between  the  extension  instruments  and  the  exchange, 
but  with  C.B.  working  with  constant  current  on  the  line, 
a  complete  circuit  has  been  adopted. 

The  C.B.  system  has  also  found  out  the  weak  places 
in  G.P.  covered  wires  and  G.P.  cables,  and  air-space  cables 
have  been  substituted  for  them. 

The  best  modern  practice  in  open  work  on  Railways 
is  32  poles  per  mile,  or  55  yards  apart. 

Silicon  bronze  or  hard-drawn  copper  wire  150  lbs.  per 
mile,  is  used  extensively.  When  passing  a  factory  emitting 
noxious  fumes,  wire  covered  with  indestructible  insulation 
is  employed. 

White  or  brown  china  insulators  are  universally  used. 
Fuse  insulators  should  be  fitted  in  the  line  where  wires 
pass  over,  or  under,  power  wires.  Pot-head  insulators 
should  be  used  where  the  open  wires  terminate  at  a  cable 
head. 

Open  wires  near  power  lines  should  be  covered  with 
some  good  insulating  material. 
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Standard  Sizes  of  Conductors  of  Underground 
Telephone  Cables. 
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35 


No.  23 


89-3 
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Resistance 
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35 
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28 

„     22 
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20 

36 
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25 
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,,     19=   40   mils. 
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40 

50 

„     18=   48     „ 

22-3 

50 

66 

„     16=   84     „ 
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79 

,,     14=   80     „ 

8-94 

150 

97 

„     13=  92     „ 

5-93 

200 

112 

„     11  =  116     „ 
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Colour  Scheme  for  Switchboard  Cables  as  used  by 
THE  British  Post  Office. 
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2 

Orange 

23 

,       orange 
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jj 
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}f 
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28 

,,     orange 

,, 

8 

,,       green 

29 

,           ,,     green 

,, 

9 

,,       brown 

30 

,            ,,     brown 

,, 

10 

,,       slate 

31 
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16 
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Telephone  ex  chance  switch-board. 

Principle  of  the  Multiple  system. 
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Pofheod  or  Leading -/n 
Porcelain  Insulator 


Fig.  10. 
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TELEGRAPHY. 

SINGLE  NEEDLE. 

For  many  years  past  the  single  needle  instrument 
has  been  in  extensive  use  on  the  railways  of  Great  Britain. 
This  is  simply  because  the  character  of  the  instrument  is 
so  well  suited  to  the  work,  a  typical  example  being  an 
omnibus  circuit  linking  together  a  number  of  signal  boxes 
or  small  offices.  Such  a  circuit  might  consist  of  from 
ten  to  twenty  single-needle  instruments  on  one  wire. 
During  recent  years,  telephones  have  been  gradually 
superseding  single-needle  instruments  in  this  class  of 
work. 

The  single-needle  code  is  shown  in  Fig.  2. 

In  the  ordinary  form  of  instrument  the  signals  are  sent 
by  two  tappers  or  handles,  a  depression  of  the  left-hand 
tapper  deflecting  the  needle  to  the  left,  and  a  depression 
of  the  right-hand  tapper  deflecting  it  to  the  right.  This 
lower  part  of  the  instrument  is  known  as  the  commutator. 

In  the  railway  form  of  instrument,  a  vertical  handle 
rotating  about  a  horizontal  axis  is  substituted  for  the 
tappers.  A  movement  of  the  handle  to  the  right  deflects 
the  needle  to  the  left,  and  vice  versa. 

The  Spagnoletti  form  of  needle  is  widely  used,  and  gives 
very  satisfactory  working.  According  to  Professor 
Ayrton,  the  best  resistance  for  the  coils  of  omnibus  circuit 
instruments  is  : — 

L 

P 
where  L  =  total  line  resistance  in  ohms. 
P  =  number  of  instruments. 

In  the  application  of  this  law,  however,  there  are  other 
considerations  as,  for  example,  the  number  of  different 
coils  to  be  held  in  stock.  Consequently,  it  is  the  usual 
practice  to  adopt  one  or  two  standard  resistances,  which 
are  found  to  answer  the  purpose  very  well.  In  some  cases 
one  standard  of  130  ohms  is  employed,  whilst  in  others 
two  standards  of  300  and  2nO  ohms  are  used. 

By  fixing  metal  plates  emitting  different  notes  on  each 
side  of  the  needle,  the  signals  can  be  read  by  sound  instead 
of  by  sight,  thereby  increasing  the  speed  of  reception,  and 
entailing  less  fatigue  on  the  operator. 

MORSE  SYSTEM. 

Figs.  1,  3  and  4  give  full  particulars  of  the  Morse  code. 

Direct  Working. — Fig.  5  illustrates  the  connections 
for  a  simple  sounder  circuit.  The  galvanometer  is  fixed 
to  show  whether  the  working  currents  are  passing  properly, 
and   to  see   whether  the   line   is  in  order.     The   sounder 
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magnet  coils  are  shunted  with  a  coil  of  high  resistance  to 
prevent  sparking  at  the  relay  contacts  when  used  in  the 
local  circuit  (Fig.  6). 

For  use  with  primary  batteries,  the  coils  are  usually 
wound  to  20  ohms  and  shunted  with  500  ohms,  making 
the  joint  resistance  19-2  ohms.  With  secondary  batteries, 
the  coils  are  wound  to  1,000  ohms  and  shunted  with 
9,000  ohms,  making  the  joint  resistance  900  ohms.  A 
working  current  of  100  milliamperes  is  required  in  the 
first  case,  and  25  milliamperes  in  the  second. 

While  the  line  resistance  is  too  high  to  allow  direct 
sounder  working,  a  polarized  relay  is  employed,  which  is 
actuated  by  the  incoming  line  current,  and  operates  a  local 
circuit  (Fig.  6). 

Double  Current  Working. — On  circuits  where  there 
are  several  stations,  the  relay  tongue  is  set  in  a  neutral 
position,  so  that  the  operation  of  the  relay  is  independent  of 
varying  strengths  of  current  from  the  different  stations. 
The  only  change  in  the  apparatus  is  that  a  different  key, 
known  as  a  double-current  key,  is  employed. 

Duplex  and  Quadruplex. — The  name  duplex  is 
given  to  circuits  which  allow  signals  to  be  sent  simul- 
taneously in  both  directions,  whilst  the  quadruplex 
system  provides  an  equivalent  of  two  duplex  sets  ;  that  is, 
it  allows  the  transmission  of  four  messages,  two  incoming 
and  two  outgoing,  simultaneously,  on  the  same  wire. 
Between  large  railway  centres  both  these  types  of  circuits 
are  much  employed,  their  great  utilitj'  and  economy 
being  self-evident. 

LINE  WORK. 

Line  Wire. — The  most  suitable  materials  for  the  line 
wire  are  iron  and  copper,  the  first  because  of  its  strength 
and  cheapness,  the  second  on  account  of  its  high  con- 
ductivity and  durability  in  comparison  with  ordinary  iron. 
"  Armco "  Iron  Wire,  however,  is  now  strongly  recom- 
mended on  account  of  its  good  conductivity  and  purity. 

150  lbs.  hard-drawn  copper  having  a  resistance  of 
5-85  ohms  per  mile,  is  much  employed  for  composite 
telegraph  and  telephone  circuits  and  long  distance  heavily 
worked  telegraph  circuits.  For  short  circuits,  the  block 
and  miscellaneous  others  400  lbs.  galvanized  iron  wire 
having  a  resistance  of  13-32  ohms  per  mile  is  used.  There 
are,  of  course,  several  other  sizes  of  copper  and  iron  wires 
in  service. 

Insulators. — For  supporting  the  line  wire,  porcelain 
insulators,  screwed  on  to  steel  bolts,  are  employed.  The 
bolt  passes  through  the  pole  arm  or  iron  bracket,  as  the 
case  may  be,  and  is  secured  by  a  nut  and  washer. 

Poles. — -These  are  made  out  of  quickly-grown  larch 
or  fir,  and,  after  being  thoroughly  seasoned,  are  creosoted. 
The  size  of  pole  required  at  any  particular  point  is  depen- 
dent on  {a)  the~number  of  wires  to  be  carried  ;    (fe)  the 


amount  of  exposure  to  the  elements,  e.g.,  high  wind  ;  (c) 
whether  the  run  of  the  line  is  straight,  or  at  an  angle.  This 
last  point  should  be  carefully  noted.  The  sizes  of  poles 
range  from  2;)  ft.  to  60  ft.  in  length,  and  8  ins.  to  16  ins.  in 
diameter,  measured  5  ft.  from  the  butt. 

The  depth  at  which  a  pole  is  planted  depends  upon  its 
length,  and  varies  considerably  according  to  the  nature 
of  the  soil.  Heavy  poles  in  made-up  ground  require 
special  care.     Xo  average  figure  of  depth  can  be  quoted. 

Pole  Arms. — The  arm  is  fitted  with  a  groove  cut  into 
the  pole,  and  held  in  position  by  a  nut  and  bolt.  Arms 
are  made  of  seasoned  oak  in  the  following  lengths — 
24  ins.,  33  ins.,  48  ins.,  57ins.  and  72  ins.,  according  to  the 
type  of  pole,  ajid  whether  they  are  for  light  or  heavy  lines. 

Struts  and  Stays. — Very  considerable  strain  is  put 
upon  a  pole  at  corners  or  angles  of  a  route,  and  in  order 
to  strengthen  it  it  is  the  practice  to  provide  either  a  strut 
or  a  stay  (Fig.  7).  x\  strut  is  usually  made  from  an  old 
pole  in  sound  condition  bolted  to,  and  braced,  to  the  main 
pole  ;  a  stay  is  made  of  stranded  galvanized  iron  %vire 
attached  by  means  of  a  swivel  to  an  iron  rod,  which  is 
bolted  through  a  block  of  wood  buried  in  the  earth. 

Where  these  methods  are  impracticable,  "A"  and 
"  H  "  poles  are  employed.     These  are  shown  in  Fig.  8. 

PoLE-RooF. — The  top  of  a  pole  is  protected  from  rotting 
by  having  a  sheet  of  galvanized  iron  known  as  a  pole-roof 
(from  its  shape)  nailed  upon  it. 

Saddle. — Where  only  one  wire  is  to  be  run,  the  insu- 
lator is  fixed  upon  the  top  of  the  pole  by  a  bracket  known 
as  a  saddle  (Fig.  9).  Where  the  latter  is  at  an  angle  of 
the  route,  it  is  supported  by  a  saddle  stay. 

Underground  Wires. — In  big  centres,  the  number  of 
overhead  wires  has  grown  enormously  with  a  consequent 
increase  in  the  liability  of  the  poles  getting  blown  down, 
thereby  causing  serious  dislocation  of  the  services,  and 
considerable  damage  to  life  and  property.  Wires  in  such 
positions  are  also  difi&cult  to  erect  and  maintain.  To 
avoid  mishap  as  far  as  possible,  the  poles  should  be  always 
efficiently  stayed  in  all  directions. 

Hence  the  employment  of  underground  wires  in  towns 
and  difficult  locations  has  been  rapidly  extending  for 
some  years.  Formerly,  the  cost  was  very  high,  but  the 
extensive  use  of  air  space  paper  insulated  cables,  in  place 
of  gutta-percha  covered  wires,  has  greatly  reduced  the  cost 
of  underground  work,  whilst  giving  considerably  increased 
electrical  efi&ciency,  due  to  the  fact  that  the  specific  induc- 
tive capacity  of  the  paper  insulation  and  dry  air  space 
is  so  very  much  less  than  that  of  gutta-percha. 

The  importance  of  having  a  low  capacity  for  a  high 
speed  on  long-distance  telegraph  lines  is  well  known. 
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Air  space  cables  require  very  careful  handling,  care 
being  taken  to  avoid  twists,  sharp  bends  or  damage  to 
the  lead  cover.  The  cables  are  sometimes  armoured, 
which,  by  considerably  increasing  the  general  strength, 
enables  them  to  be  more  easily  handled. 

Those  desiring  to  pursue  the  subject  further  should 
consult  :  — 

"  Telegraphy,"  by  Preece  and  Sievewright. 

"  Modern  Electric  Practice,"  Vol.  vi. 

"  Technical  Instructions,"  issued  by  the  British  Post 
Office. 


MORSE    CODE. 

AFFIXES. 

G —  Go  on. 

T —  Understand. 

E —  Not  understand. 

II —  End  of  address. 

FI —  Commence  figures. 

FF —  Finish  figures. 

GQ —  Begin  fresh  line. 

SN —  Message  finished. 

MQ—  Wait. 

KQ —  Call  up  when  ready. 

UQ —  Go  to  another  instrument. 

?T^~  }rf^y^  commas  \  j^  ^^    .^^^  ^^  beginning  and 

LL-  Underlined  end  of  word  to  be  marked. 

KK —  Parenthesis  I 

RD —  Message  correctly  received. 

SQ —  Message  to  follow. 

MMM —  Horizontal  bar  of  division  (dash  or  hyphen) . 

SSS —  Oblique  bar  of  division . 

MM —  Fraction  following  whole  number. 

Fig.  1. 
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BOARD  OF  TRADE  REGULATIONS 
FOR  RAILWAYS. 

Extracts. 

Catch  points  to  be  provided  at  junctions  of  passenger 
with  goods  lines  or  sidings,  and  interlocked  with  signals. 

Junctions  at  stations  to  be  formed  so  as  to  avoid  standing 
trains  on  them.  All  junctions  to  be  formed  for  double 
line. 

At  termini  double  line  shall  not  end  single. 

Platforms  not  less  than  6  feet  wide  for  small,  and  1 2  feet 
for  large,  stations  ;    ends  ramped. 

Pillars,  etc.,  not  less  than  6  feet  from  edge  of  platform. 

Height  of  platform  above  rail  to  be  3  feet ;  in  no  case 
less  than  2  ft.  6  in. 

Space  between  platforms  and  carriage  footboards  to  be 
as  small  as  possible. 

Viaducts  near  stations  to  have  ef&cient  parapet. 

Footbridges  or  subways  at  all  important  stations. 

Staircases  or  ramps  leading  to  platform  to  be  nowhere 
narrower  than  at  top.  Where  crowding  is  expected,  pro- 
vision must  be  made  for  regulating  crowd  at  top.  .No 
steps  to  have  tread  less  than  1 1  inches  or  rise  less  than 
7  inches.  Landings  where  height  is  over  lU  feet.  Ramps 
not  steeper  than  1  in  8.    Hand  railings  for  steps  and  ramps. 

No  station  to  be  on  a  steeper  gradient  than  1  in  260 
if  avoidable. 

Where  there  is  danger  from  such  cause  catch  sidings 
to  be  provided. 

Turntables  large  enough  for  the  longest  engines  to  be 
provided  at  termini  and  junctions,  except  lines  less  than 
15  miles  long,  with  stations  less  than  3  miles  apart,  if 
Company  undertake  to  stop  all  trains  at  all  stations.  Turn- 
tables to  be  at  safe  distance  from  adjacent  lines. 

Cast-iron  not  to  be  used  in  railway  under-bridges  except 
in  compression.  Breaking  weight  of  cast-iron  to  be  not 
less  than  3  times  dead,  plus  6  times  maximum  live  load. 

In  wrought-iron  or  steel  bridges,  dead  maximum  live 
load  shall  not  produce  greater  strain  per  sq.  inch  than 
5  tons  in  iron,  and  6J  tons  in  steel. 

The  heaviest  engines,  etc.,  to  be  measure  of  max. 
live  load. 

Viaducts,  as  far  as  possible,  to  be  of  masonry. 

With  iron  or  steel  girders  rails  to  be  between  main 
girders. 

In  all  cases  there  shall  be  a  parapet  4  ft.  6  in.  above 
rail  level.  On  important  iron,  steel  or  wood  viaducts, 
there  shall  be  timber  guard  close  to,  and  outside,  outer 
rails. 

Cast-iron  columns  of  small  diameter  not  to  be  used 
for  piers  or  abutments  of  high  bridges. 

Wind  pressure  of  56  lbs.  per  sq.  ft.  to  be  allowed  for 
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Upper  surfaces  of  wood  platforms  of  bridges  and  viaducts 
to  be  protected  from  fire. 

Joints  of  rails  to  be  fished. 

Chairs  on  main  lines  to  weigh  not  less  than  40  lbs. ;  on 
branch  hues  or  with  light  traffic  not  less  than  30  lbs. 
Chairs  must  be  fastened  to  sleepers,  at  least  partially, 
by  iron  spikes  or  bolts.  Where  there  are  no  chairs, 
fastening  to  sleeper  at  joints  to  be  by  means  of  fang  or 
through  bolts,  and  such  rails  to  be  tied  to  gauge  by  steel 
or  iron  ties  at  suitable  intervals  on  curves  of  15  chains 
radius,  or  less. 

Check  rail  to  be  fixed  on  all  curves  of  10  chains,  or  less, 
radius. 

Diamond  crossing  not  to  be  flatter  than  1  in  8. 

No  structure,  other  than  a  passenger  platform,  to  be 
nearer  side  of  carriage  than  2'  4". 

Intervals  between  adjacent  lines  of  rails  to  be  not  less 
than  6'  for  two  lines,  or  lines  and  sidings,  and  not  less 
than  9'  6"  between  additional  running  lines  and  main 
lines. 

Half,  quarter,  mile,  and  gradient  posts  to  be  provided. 

Tunnels  and  long  viaducts  to  have  refuges  for  plate- 
layers. 

Under-bridges  without  parapets  to  have  handrails. 
Viaducts  of  steel,  iron  or  timber  to  be  easy  of  inspection. 

PARLIAMENTARY  REGULATIONS  FOR  RAILWAYS 
CROSSING  ROADS. 


Turn- 

Occupa- 

pike 

Public 

tion 

Road. 

Road. 

Road. 

Clear  width  of  underbridge  or 

approach 

35'   0' 

25'    0" 

12'    0" 

Clear    height    of    underbridge 

for  a  width  of  1 2  feet 

16'   0" 

— 

— 

Ditto,  for  a  width  of  10  feet    .  . 

— 

15'    0" 

— 

Ditto,         „       „        9     ,, 

— 

— 

14'    0" 

Ditto,  at  springing 

12'    0' 

12'    0" 

— 

Overbridge,  height  of  parapets 

4'    0' 

4'    0" 

4'    0" 

Approaches,  Inclination 

1  in  30 

1  in  20 

1  in  16 

Ditto,         Height  of  fencing 

3'    0' 

3'    0' 

3'    0" 
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DESIGN    AND    MANUFACTURE     OF 

PERMANENT      WAY      MATERIALS, 

FITTINGS,    ETC. 


RAILS. 

Rolling. — Ingots,  after  being  reheated  to  bright 
redness  in  the  soaking  pits,  are  taken  out  one  at  a  time  and 
passed  on  to  the  cogging  mill,  by  means  of  a  live  roller 
track.  Here,  after  a  series  of  passes  through  the  rolls, 
it  becomes  greatly  elongated,  with  a  cross  section  now 
of  6"  by  6".  It  is  next  skidded  laterally  to  the  finishing 
rolls,  where,  after  passing  through  the  six  grooves,  it 
emerges  from  the  last  in  one  length  true  to  the  rail  section. 

Cutting. — The  finished  length  while  still  hot  is  run 
down  a  roller  track  past  the  circular  saw,  and  a  stop 
about  5  feet  beyond  the  latter  is  dropped,  thus  arresting 
the  leading  end.  The  saw  is  set  in  motion  and  by  means 
of  a  lever  is  moved  at  right  angles  to  the  rail,  thus  cutting 
through  it,  the  "  crop  "  end  is  run  off  aside,  and  a  second 
stop  at  slightly  more  than  the  standard  length  from  the 
saw  is  lowered  (allowing  for  contraction  of  the  rail  in 
cooling),  the  saw  is  actuated  and  a  rail  length  cut.  In 
this  manner  the  long  length  is  cut  up  into  rails  and  the 
"  crops  "  from  each  end  are  returned  as  scrap  to  the 
furnaces.     The  rails  are  placed  on  benches  to  cool. 

Straightening. — This  operation  is  done  by  "  eye." 
The  rail  to  be  straightened  is  laid  on  the  table  of  the 
press  web  vertical  ;  the  straightener  sights  along  the  head 
from  one  end  and  indicates  the  "  kinks  "  to  another  man 
pointing  along  it  ;  these  are  chalk-marked.  The  rail 
is  then  shifted  on  the  bed  of  the  machine  until  one  of  these 
marks  is  vertically  under  the  oscillating  ram,  by  inter- 
posing a  gag  "  on  flat  "  on  the  rail  head  ;  the  bend  is  taken 
out  on  the  down  stroke  of  the  ram.  In  this  way  variations 
are  corrected.  To  press  out  a  side  kink  the  rail  is  turned 
web  horizontal  and  gag  interposed  "  on  end." 

Squaring  and  Drilling. — The  rails  are  taken  to  the 
drilling  shed.  Here  on  a  bench,  exactly  at  right  angles  to 
the  machine,  the  rough  sawn  ends  are  milled  square. 
The  finished  length  is  not  allowed  to  vary  more  than 
3/16ths  of  an  inch  either  way  from  the  specified  length.  The 
elongated  fish-bolt  holes  are  then  accurately  drilled.  Their 
position  must  be  correct  to  a  32nd  of  an  inch. 

Suitable  Weight. — This  depends  chiefly  on  the 
maximum  axle  weight  of  the  locomotives  using  the  track. 
The  average  practice  is  as  follows  : — 

Maximum  Weight  Minimum  weight 

axle  weight.  per  yd.  new.  per  yd.  worn. 

17-20  tons  ..        90-100  lbs.  ..        80-85  lbs. 

15-17      „  ..        80-  90     „  ..        70-75     „ 

13-15       „  ..        70-  80     „  ..        60-65     „ 
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Wear. — On  British  Railways,  for  open  country  tracks 
clear  of  station  yards,  the  average  wear  is  about  2/5ths 
lb.  per  yard  per  annum,  1  to  2  lbs.  in  busy  stations,  and 
manufacturing  centres  where  sulphurous  atmosphere 
has  a  deleterious  effect,  IJ  to  3  lbs.  in  tunnels,  according 
to  length  and  clearness,  and  4  to  5  lbs.  on  electric  lines 
in  the  open. 

Rails  frequently  have  to  be  removed  before  being  reduced 
to  the  minimum  weight  on  account  of  flange  cutting  on 
sharp  curves. 

Calculated  Weight  from  Worn  Section. — When 
rail  weighings  cannot  conveniently  be  taken  a  very  near 
approximation  can  be  obtained  from  the  profile.  This  is 
made  by  inserting  a  piece  of  cardboard  in  the  joint  (the 
fish-plates  having  been  removed)  and  tracing  on  it  very 
carefully  the  profile.  The  actual  weight  can  be  now  found 
by  multiplying  the  area  of  the  cross  section  in  square 
inches  by  10-2  lbs. 

BRITISH  STANDARD  SPECIFICATION 
FOR     BULLHEAD    RAILWAY     RAILS. 

The  Recommendations  of  the  Sub-Committee  on  Railway 
Rails. 


The  rails  shall  show  on  analysis  that  in  chemical  com- 
position they  conform  to  the  following  limits  : — 
Carbon  ..  ..  ..      from  0-35  to  0-50  per  cent. 


Manganese 
Silicon  . . 
Phosphorus 
Sulphur 


0-70   ,,    1-00 
not  to  exceed  0-10 
,,      0-075 
„      0-08 


The  manufacturer  shall  make  and  furnish  to  the 
representative  of  the  Engineer  (or  of  the  purchaser) 
carbon  determinations  of  each  cast. 

A  complete  chemical  analysis  representing  the  average 
of  the  other  elements  contained  in  the  steel  shall  be 
similarly  given  for  each  rolling.  Such  complete  analysis 
shall  be  made  from  drillings  taken  from  the  rail  or  from 
the  tensile  test  piece  or  pieces.  When  the  rolling  exceeds 
200  tons  an  additional  complete  analysis  shall  be  made 
for  each  200  tons  or  part  thereof. 

Each  rail  shall  be  made  from  an  ingot  not  less  than 
12  inches  square  at  the  smaller  end  and  14  inches  square 
at  the  larger  end,  which  must  be  cogged  down  into  blooms 
and  have  sufi&cient  crop  then  sheared  from  each  to  ensure 
soundness. 

All  straightening  shall  be  done  by  pressure  and  not 
by  hammering. 

A  rolling  margin  of  J  per  cent,  under  to  i  per  cent, 
above  the  calculated  weight  will  be  permitted,  but  the 
calculated  weight  only  will  be  paid  for. 
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TABLE  OF  GENERAL  DIMENSIONS  AND  WEIGHTS 
OF  "  B.  S."    RAILS. 


No.  of  "B.S." 

Sections  and 

Height 

Width 

Calculated 

Nominal 

of 

of 

Weight  of 

Weight  in  lbs. 

Rail. 

Head. 

Rail. 

per  yard. 

Inches. 

Inches. 

Lbs.  per  yard. 

60 

41 

i           2^ 

59-79 

65 

4| 

2| 

64-58 

70 

5 

2^ 

70-13 

75 

5i 

'   2^ 

74-56 

80 

5| 

2^ 

79-49 

85 

CX5 

m 

84-88 

90 

2} 

89-77 

95 

•sit 

2f 

94-59 

100 

C29 

2J 

99-84 

The  whole  of  the  rails  shall  be  of  uniform  section 
throughout,  true  to  templates,  perfectly  sound  and  straight, 
and  free  from  splits,  cracks,  burrs  and  defects  of  every 
kind. 

The  Committee  recommend  the  adoption  of  the  following 
as  the  normal  lengths  of  rails,  viz. : — 30  feet,  36  feet,  45 
feet  or  60  feet. 

The  rails  shall  be  the  specified  length  at  a  temperature 
of  60*  Fahr.  No  rail  will  be  accepted  which  is  more 
than  three-sixteenths  of  an  inch  (3/16")  above  or  below 
the  length  specified,  whether  for  straight  or  curved  line. 

From  each  cast  one  rail  shall  be  selected  by  the 
representative  of  the  Engineer  (or  the  Purchaser).  From 
this  a  piece  5  feet  long  shall  be  cut  which  shall  be  placed 
in  a  horizontal  position  with  the  bull-head  uppermost 
upon  two  iron  or  steel  supports  resting  on  a  solid  founda- 
tion, and  placed  so  that  their  centres  are  3  feet  6  inches 
apart,  the  upper  surfaces  of  the  supports  being  curved 
.  to  a  radius  of  3    inches. 

The  test  shall  comprise  two  blows  delivered  mid-way 
between  the  bearings  from  a  falling  iron  weight  of  2,240  lbs., 
the  striking  face  of  which  shall  be  rounded  to  a  radius  of 
not  more  than  5  inches. 

The  height  of  drop  for  the  various  sections  of  rails 
shall  be  as  tabulated  on  the  next  page.  The  blows  must 
be  sustained  without  fracture  and  the  rail  must  show  a 
deflection  between  the  limits  given. 
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FALLING  WEIGHT  TEST. 


No.of  "B.S." 

1st  Blow 

2nd  Blow. 

Section  and 

Nominal 
Weight  of 

Deflection. 

Deflection. 

Rails. 

per  yard  in  lbs. 

Drop. 

From       To 

Drop 

'  From 

To 

Feet. 

Ins.       Ins. 

Feet. 

Ins. 

Ins 

60 

5 

1            1* 

10 

3 

3f 

65 

5 

1 

1  i 

12 

3 

3t 

70 

6 

1 

1^ 

12 

3 

31 

75 

6 

1 

12 

3 

3| 

80 

6 

* 

1-^ 

15 

3 

4 

85 

6 

* 

1^ 

15 

!      3 

4 

90 

7 

* 

1  i 

20 

;      3 

4i 

95 

7 

1* 

20 

3 

H 

100 

7 

* 

1* 

20 

3 

4i 

Should  the  length  cut  from  the  selected  rail  fail  to  comply 
with  the  test  specified  for  its  weight,  two  other  rails  from 
the  same  cast  will  be  selected  and  similar  lengths  cut  and 
tested,  and  the  acceptance,  or  rejection,  of  the  cast  will 
be  decided  by  the  result  of  the  three  tests,  so  that  if  two 
of  the  rails  selected  fail  to  comply  with  the  test  the  entire 
cast  will  be  rejected. 


TENSILE   TEST. 

From  each  100  tons  of  rails  the  manufacturer  shall  (if 
required  by  the  representative  of  the  Engineer  or  of  the 
Purchaser)  cut  a  test  piece  from  any  rail  selected  as  a 
sample  rail  ;  such  test  piece  to  be  stamped  to  correspond 
with  the  sample  rail.  It  shall  then  be  placed  in  a  testing 
machine  of  approved  pattern,  and  shall  have  an  ultimate 
tensile  strength  of  not  less  than  4'*  tons  per  square  inch, 
nor  more  than  48  tons  per  square  inch,  with  an  elongation 
of  not  less  than  15  per  cent,  upon  the  standard  test  pieces 
C  or  D  (see  sketches  on  page  206). 

Should  the  test  pieces  fail  to  fulfil  these  conditions,  the 
representative  of  the  Engineer  (or  of  the  Purchaser)  may 
require  the  manufacturer  to  test  two  other  rails  from  the 
same  cast  in  the  same  manner,  and  the  acceptance,  or 
rejection,  of  the  cast  shall  be  decided  by  the  result  of  the 
three  tests,  so  that  if  two  of  the  rails  selected  fail  to  comply 
with  the  test,  the  entire  cast  will  be  rejected. 
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TEST  PIECES  C.  and  D. 
for   Tyres,    Axles,    Forgings,    Castings,    etc 

C. 

Diameter    =    -564  in. 

Area    =    }  sq  in . 


TEST  PIECES  C and D 
For  Tyres,  Axles,  Forgings,  Castings,  etc. 


^--^ -Y-    X___^_|.^ 


I      \^2"GaugeLetjgth.-^, 
'r- Para  I  lei  for  a  lengtt)  — ^ 
of  not  less  than  2-^'.  ' 


D. 

Diameter    =   -798  in. 

Area    =   \  sq.  in. 

The  gauge  length  and  the  parallel  portion  to  be  as  shown. 
The  form  of  the  ends  to  be  as  required  in  order  to  suit 
the  various  methods  employed  for  gripping  the  test  piece. 


\D. 


I         I 


—  3" Gauge  lengtt). — >^ 

Parallel  for  a  length  of  not - 
less  than  J|." 
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SLEEPERS. 

Wooden. — The  timber  most  commonly  used  for  sleepers 
is  Baltic  (pinus  sylvestris),  though  jarrah,  Scotch  fir,  and 
larch  are  used  to  some  extent.  The  timber  is  specified 
to  be  free  from  large  and  dead  knots,  shakes,  wavy  edges 
and  twisted  grain. 

Inspection. — The  imported  timber  is  delivered  to  the 
timber  contractor's  yard  in  9  ft.  hewn  logs  10"  by  10". 
These  are  halved,  and  in  cases  where  the  railway  companies 
have  their  own  sleeper  depots,  are  delivered  by  the  con- 
tractor in  9  ft.  by  10"  by  5"  scantling  ;  a  representative 
of  the  railway  inspects  the  delivery,  and  rejects  those  which 
do  not  comply  with  the  specification,  the  thickness  when 
questionbale  being  checked  with  a  5"  jaw  gauge. 

Seasoning. — The  accepted  sleepers  are  put  into  stacks 
and  left  to  dry  for  a  period  of  not  less  than  six  months. 

Adzing  and  Boring. — To  obtain  a  good  seating  for  the 
chair  on  the  hewn  side,  the  dried  sleepers  are  machine- 
adzed  parallel  to  the  sawn  side,  thus  providing  a  constant 
thickness  at  the  seatings.  The  bolt  holes  are  also  bored 
at  the  same  machine.  The  augers  of  this  machine  can  be 
accurately  adjusted  to  the  correct  centres,  and  the  holes 
bored  truly  vertical. 

Preservation. — Baltic  fir  is  invariably  creosoted  to 
prolong  its  life.  This  is  always  done  after  boring,  to  ensure 
all  surfaces  being  treated.  The  process  is  as  follows  : — 
Cylinders  of  300  to  400  sleepers  capacity,  erected  over  the 
creosote  tanks,  are  charged  with  sleepers,  and  the  end 
door  carefully  sealed.  The  air  is  then  withdrawn  by  a 
vacuum  pump,  after  which  the  oil  valve  is  opened.  The 
creosote  previously  heated  to  about  120°F.  to  increase 
its  mobility,  rushes  intothe  cylinder,  but  the  initial  absorp- 
tion is  quite  insufficient,  and  a  force  pump  has  to  be  set 
working,  a  pressure  of  100  lbs.  per  square  inch  being  often 
approached  before  impregnation  to  the  desired  quantity 
is  attained.  The  usual  quantity  per  sleeper  is  3-3J  galls., 
or  31J-37  lbs.  The  simplest  method  of  measuring  the 
absorption  is  by  taking  dippings  in  the  ground  tank  with 
a  steel  rule,  the  capacity  of  the  tank  per  inch  of  depth 
being  known,  the  quantity  taken  out  can  be  gauged  from 
the  differences  of  level  of  the  oil  in  the  tank.  The  process 
of  creosoting  takes  from  1  to  1|  hours,  according  to  the 
degree  of  the  porosity. 

"Chairing"  (Machine). — The  chairs  are  laid  on 
simply,  the  bolts  inserted  in  the  holes  and  given  a  couple 
of  turns.  The  sleeper  goes  forward  to  the  machine,  and 
is  placed  in  position  ;  rams  descend  in  the  jaws  and  press 
the  chairs  firmly  on  their  seating.  Whilst  thus  held 
spanners  are  lowered  and  bolts  quickly  screwed  up.  The 
gauge  between  the  inside  jaws  is  then  tested  for  accuracy. 

O 
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Chairing  (Hand). — This  is  usually  done  on  the  ground. 
One  chair  is  placed  on  the  sleeper  at  a  fixed  distance  from 
the  end  and  centred.  Men  provided  with  augers  bore  the 
holes  and  screw  the  bolts  up  tightly  in  them.  A  framed 
gauge  is  then  placed  with  one  end  in  the  jaw  of  the  fixed 
chair,  whilst  a  loose  chair  is  put  into  position  at  the  other 
end  on  the  sleeper.  (See  Fig.  4.)  The  gauge  is  wedged 
down  tightly  in  the  jaws  and  the  remaining  holes  for  the 
loose  chair  bored,  the  bolts  being  screwed  up  before  the 
gauge  is  removed.  Unless  the  holes  are  driven  vertically, 
any  subsequent  tightening  of  the  bolts  will  "  draw  "  the 
chairs,  with  conesquent  variation  of  gauge.  Hence  it  is 
obvious  that  machine  chairing  is  not  only  more  expeditious 
but  also  more  accurate  than  hand-chairing. 

Crossing  Timbers. — These  are  sawn  both  sides,  hence 
adzing  is  unnecessary  ;  also  the  position  of  the  chairs 
being  variable,  they  are  sent  out  unbored.  These  timbers 
are  generally  6"  deep,  in  two  widths — 12"  and  14"  ;  and  of 
various  lengths,  from  9  ft.  to  about  45  ft.  They  are 
inspected  and  creosoted  as  described  above  for  sleepers. 
The  quantity  of  creosote  per  50  cubic  feet  of  timber  is 
30-40  galls. 

Longitudinals. — On  many  bridges  provided  with  rail 
bearers  between  the  cross  girders,  longitudinal  timbers  are 
laid.  They  are  often  of  Oregon  Pine  creosoted,  or  Jarrah,  a 
hard  wood  not  requiring  a  preservative.  The  dimensions 
are  usually  18"  by  1"  and  lengths  up  to  35  ft.  or  40  ft.  In 
the  case  of  the  pine,  hard-wood  packings  laid  grain  across 
the  timber  are  interposed  under  the  chairs  to  prevent 
cutting  in.  The  timbers  are  maintained  to  gauge  by 
transom  of  the  same  timber,  let  in  between,  and  tied  by 
a  through  transom  bolt.  The  whole  is  maintained  in 
position  on  the  bridge  by  angle  iron  cleats,  which  fit  against 
the  timbers,  and  are  fixed  on  top  of  the  cross  girders.  The 
standard  ty-pe  of  cross  sleeper  road  in  ballast  is  always  to 
be  preferred,  as  it  is  far  easier  to  pack  and  keep  to  true 
alignment  ;  especially  where  cant  is  being  run  up  on  the 
bridge. 

Steel. — These  are  generally  of  the  trough  form,  and 
though  very  much  in  evidence  abroad  do  not  find  much 
favour  here.  They  are  subject  to  deformation  under  heavy 
loads  and  in  packing,  this  affecting  the  gauge  ;  also  the 
fastenings  soon  work  loose  and  rattle.  The  running 
where  there  are  steel  sleepers  is  distinctly  "  harsher " 
than  on  wooden. 

Ferro-Concrete. — There  is  a  difficulty  in  providing 
a  reliable  fastening  for  the  chairs.  The  usual  practice 
is  to  insert  wooden  plugs  bored  to  take  the  bolts,  but  it 
is  found  that  the  former  shrink  and  become  loose.  In 
packing  it  is  found  that  the  edges  very  quickly  chip  away. 
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Life. — The  life  of  a  Baltic  sleeper  under  ordinary 
conditions  is  from  fifteen  to  twenty  years,  the  longer  period 
applying  to  the  lighter  lines  and  branches. 

CHAIR  DESIGN. 

The  two  principal  functions  of  a  chair  in  the  "  bull- 
head "  type  of  road  are  (1)  to  spread  the  wheel  weight  over 
a  sufficient  area  of  the  sleeper,  and  (2)  in  conjunction  with 
the  key,  to  keep  the  gauge. 

There  are  many  minor  points  of  difference  in  the  chairs 
of  the  principal  railway  companies,  but  they  are  nearly 
all  of  the  general  form  which  may  be  described  as  a  base 
and  two  jaws. 

The  area  of  the  base  must  be  such  that  the  chair  will  not 
be  easily  forced  into  the  timber.  The  shape  of  the  base 
should  ensure  a  fairly  even  pressure  over  the  surfaces 
in  contact  ;  and  the  thickness  sufficient  to  prevent  fracture 
under  any  condition  of  loading. 

On  the  upper  surface  the  rail  "  seat  "  is  formed  to  agree 
in  shape  with  the  rail  base,  when  the  rail  is  at  the  desired 
cant  or  inward  inclination  (1  in  20 — 1  in  24)  to  suit  the 
conicity  of  the  wheel  tyres. 

The  two  jaws  should  be  shaped  so  that  when  the  rail  is 
in  correct  position  its  web  is  pressed  against  the  inner  jaw 
by  the  action  of  the  driven  key  between  the  web  and  the 
outer  jaw.  They  must  be  strong  enough  to  resist  all  lateral 
thrusts,  and  stresses  due  to  key  driving. 

The  chair  as  a  whole  should  be  designed  so  that  the 
pattern   can  be  easily  withdrawn  from   the   mould. 

To  secure  true  gauge,  the  inclination  of  the  rail  seat  and 
jaw  must  be  accurate. 

Weight  and  Area. — 

Weight  of  rail.  Weight  of  chair.  Area  of  base  of  chair. 
95-100  lbs.  per  yd.         50-55  lbs.  110-115  sq.  ins. 

85-95     ,,  ,,  45-50    „  100-110 

Specification. — Chairs  are  usually  of  cast-iron  ;  to 
be  clean  ;  free  from  air  bubbles  or  honeycombs,  and  of 
smooth  surface. 

Moulding. — They  are  either  machine  or  hand  moulded, 
the  patterns  being  themselves  of  cast-iron  on  account  of 
so  much  repetition  work.  The  rail  jaw  being  in  the  form 
of  a  clip  over  the  bottom  member,  slips  are  provided  in 
the  patterns  to  enable  them  to  be  withdrawn.  The 
pattern  is  placed  in  the  bottom  box  jaws  up,  and  the  sand 
rammed  well  around  ;  the  box  is  then  inverted  and  the 
pattern  with  slips  withdrawn. 

The  top  box  is  then  prepared  and  forms  the  base, 
carrying  a  curved  projection  if  the  chair  is  hollowed. 
It  is  then  placed  on  the  bottom  box  with  pouring  hole 
and  vent,  after  which  the  molten  metal  is  run  in,  and  the 
casting  left  to  cool. 
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Cleaning. — The  castings  are  placed  in  a  drum  along 
with  "shot"  (small  scrap).  The  drum  is  revolved  by 
a  belt  drive,  and  the  contents  well  rattled.  After  the 
removal  of  the  castings  from  the  drum,  the  holes  are  cleared 
by  hammering  drifts  through  them. 

Test. — Two  chairs  are  taken  at  random  from  a  stack 
and  placed  on  a  base  plate  carrying  plugs  at  the  bolt-hole 
centres.  With  plugs  in  the  holes  of  the  chairs,  short 
rail  lengths  are  keyed  up  and  the  gauge  checked  with  a 
template,  also  the  inclination  of  the  two  rails.  This  test 
is  applied  from  time  to  time  to  ensure  accuracy  in  the 
castings. 

KEYS. 

Design. — They  are  almost  invariably  inserted  on  the 
outside  of  the  chairs,  forming  an  efficient  cushion,  and 
they  minimize  noise  in  running.  They  should  fit  up 
truly  to  the  web  and  fishing  angles.  Means  should  be 
adopted  to  retain  them  in  the  jaws,  by  curving  the  key 
jaw  to  produce  wedging,  or  grooving  the  jaw  suitably  to 
increase  friction,  or  by  tapering  the  key. 

Steel. — Coiled  steel  keys  are  liable  to  deteriorate  and 
lose  their  elasticity  in  wear.  Steel  wedge  devices  are 
unsatisfactory,  owing  to  their  becoming  disengaged  by 
vibration.  The  friction  between  metal  and  metal  being 
much  less  than  metal  and  wood,  the  latter  are  more  reliable. 

Manufacture. — The  most  common  material  for  keys 
is  well-seasoned  oak,  specially  compressed  to  counteract 
shrinkage.  The  dried  logs  are  cross  cut  to  the  required 
length,  and  divided  up  into  key  blocks  of  rectangular 
section,  allowance  being  made  for  the  machining  which 
follows. 

These  blocks  are  planed  to  the  proper  section,  a  margin 
being  allowed  if  compression  is  to  follow. 

In  cases  where  they  are  compressed,  it  is  done  by 
immersing  the  blocks  in  plumbago  as  a  lubricant,  and  they 
are  forced  by  hydraulic  rams  into  iron  taper  moulds  of 
the  final  section.  The  moulds  are  next  thrown  into  a 
cylinder,  and  steamed  for  about  an  hour,  and  when  they 
have  cooled  down  are  forced  back  again  out  of  the  moulds 

Inspection. — The  keys  are  tested  for  accuracy  by  means 
of  steel  templates,  length,  thickness  and  width  being 
checked.     (See  Fig.  7.) 

FISHPLATES. 

Design. — The  suspended  form  of  joint  is  generally 
preferred.      Experience    shows    that    in    the    case    of    a 
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supported  joint  severe  hammering  takes  place,  due  to 
want  of  elasticity,  causing  burring  over  of  the  rail  ends, 
and  consequent  failure  of  the  joint.  In  the  former  type 
the  sleeper  spacing  is  reduced,  the  neighbouring  chairs 
being  brought  up  as  close  as  the  fishplates  will  allow. 
The  span,  i.e.,  the  distance  between  chair  centres,  for 
r  6"  fishplates  is  about  2'  I".  Expansion  of  the  rails  is 
provided  for  first,  by  elongating  the  holes  in  the  rails  ; 
secondly,  by  giving  clearance  between  bolt  and  hole  in 
fishplate  ;  the  two  combined  permitting  sufiicient  travel 
for  the  rails  to  butt  dead  at  the  maximum,  and  to  open  out 
freely  for  the  minimum  temperaiure.  The  maximum 
gap  to  be  allowed  depends  on  the  length  of  rails  adopted. 
In  practice  it  is  usual  when  laying  the  rails  to  vary  the  gap 
to  suit  the  temperature  at  the  time.  Small  angle  iron 
plates  are  inserted  in  the  joints,  their  thickness  depending 
on  that  prescribed  for  the  season  of  the  year.  For  45  ft. 
rails  they  would  vary  from  \"  to  ^"  in  steps  of  g^^". 

The  fishplates  have  their  top  and  bottom  edges  accurately 
sloped  to  fit  the  fishing  angles  of  the  rails  to  be  connected. 
They  do  not  fit  close  up  to  the  web,  a  clearance  of  about 
Y'  being  allowed  for  taking  up  wear.  In  most  cases 
four  bolts  are  provided,  the  holes  in  the  plates  are 
"  quarter  square,"  also  the  necks  of  the  bolts,  to  prevent 
the  latter  turning  when  the  nuts  are  being  screwed  up. 

The  plates  in  section  are  slightly  arched  in  form  ;  hence 
when  bolts  are  tightly  screwed  up  they  are  always  in 
tension  ;  especially  when  the  joint  is  deflected  ;  conse- 
quently, it  is  not  usual  to  apply  any  locking  device  for 
the  nuts. 

Manufacture. — The  steel  ingots  are  cogged  down  and 
cut  into  blooms,  these  being  passed  through  the  finishing 
rolls,  and  emerging  as  fish  bars  true  to  section. 

While  still  hot  the  bars  go  to  the  circular  saw,  there, 
after  the  crop  ends  have  been  taken  off,  to  be  cut  up  into 
equal  fishplate  lengths. 

The  plates  are  next  punched — also  while  hot,  the 
four  holes  simultaneously.  No  margin  is  allowed  for 
error  in  position  of  the  holes,  but  their  diameter  must 
be  within  a  1/32"  error.  They  are  then  filed  to  take  off 
all  burrs  ;  straightened  by  pressure,  and  finally  dipped 
into  boiled  linseed  oil. 

Inspection. — By  means  of  a  combined  template  gauge 
the  fishing  angle,  thickness  across  centre  line,  profiles 
of  outside  and  inside  are  carefully  checked,  and  the  bolt 
hole  centres  by  another  gauge. 

Practical  Tests. — These  are  to  bend  a  plate  when 
cold  around  a  bar  3"  or  4"  diameter  to  a  right  angle  ;  and 
to  double  a  plate  ;  there  must  not  be  any  sign  of  fracture 
when  thus  bent. 
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FISH-PLATES. 
Extracts    from    the    British    Standard    Specification. 

The  fish-plate  shall  show  on  analysis  that  in  chemical 
composition  they  conform  to  the  following  limits  : — 

Carbon  from  0-20  to  0-30  per  cent. 

„     0-50  „  0-75 


Manganese 
Silicon  . . 
Phosphorus 
Sulphur 


not  to  exceed  0-06 
0-06 
0-06 


A  test-piece  shall  be  cut  from  any  fish-plate  selected 
as  a  sample,  and  shall  have  an  ultimate  tensile  strength 
of  not  less  than  30  tons  per  square  inch,  nor  more  than 
35  tons  per  square  inch,  with  an  elongation  of  not  less 
than  20  per  cent,  upon  the  standard  test  pieces  C  or  D 
(see  page  177). 

Fish-plates  shall  be  bent  over  the  flat  surface  round  a 
bar  3  inches  in  diameter,  with  one  of  the  bolt  holes  situated 
at  the  centre  of  the  bend,  until  the  two  ends  become  at 
right  angles  to  one  another.  They  must  also  be  capable 
of  being  similarly  bent  round  a  bar  3  inches  in  diameter, 
the  bend  taking  place  between  the  bolt  holes,  until  the 
two  ends  become  parallel  to  one  another, 
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CHAIR  MOULDIMG 
Mefal  Pattern  shewing  slips 

[^efticdi  -'^Cdnted 

Slip    1,    '^f^  Sliph 


-— — I — i ^- 1   ■ 

Tapered  bolt  ho  lei: 
Elevdtfon 


CHAIR  CASTinG 
Mould  ready  for  casting 

'■.Pouring  hole  or  njnnet 


^ 


Top  BOK 


Bottom  Box 


r©^-j/ 

~s— ^"1 

Slip\ 

ViShps 

\^-K 

J^P--^J 

Plan 


Fig  6. 
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Dimensions  of  100  lbs.  "BS."  Bull  Head  Rail. 


66  feet 


Sketch  Showing  Method  Adopted  in  Interpreting 
Super-Elevation  Tables  (Pages  221-222). 
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BALLASTING. 

The  "  formation  "  level  on  most  lines  is  2'  0"  below 
rail  level.  Rail,  chair  and  sleeper  take  up  about  1  foot, 
leaving  12  inches  between  under-side  of  sleeper  and  ground 
level  at  the  middle  of  the  track. 

Formation  level  is  sloped  towards  the  sides  to  allow 
water  to  run  to  the  side  drains.  The  space  between 
"  formation  "  and  sleeper  is  filled  with  the  "  bottom  " 
ballast.  Although  various  materials  are  in  use  for  this 
road  bed,  it  is  now  generally  conceded  that  granite, 
whinstone  and  furnace  slag  are  the  best. 

Sand,  ashes  and  such  fine  material  should  be  avoided, 
since  in  wet  weather  they  cannot  readily  be  drained, 
and  in  dry  weather  fine  particles  are  raised  by  the  passing 
vehicles,  hot  axles  and  other  damage  to  rolling  stock 
resulting. 

Broken  stone  and  slag  have  these  qualities  to  recommend 
them  as  a  bedding.  They  have  considerable  resistance 
to  crushing,  allow  water  to  pass  away  freely,  and  true 
alignment  is  easily  kept  over  them  owing  to  the  "  bite  " 
of  the  sleeper  on  the  "  bed." 

Bottom  ballasting  material  is  generally  broken  to  pass 
through  a  3-inch  ring. 

Immediately  under,  around,  and  up  to  the  top  of  the 
sleeper,  the  "  top  "  ballast  of  smaller  material  is  laid. 

When  the  road  bed  is  formed  in  clay  or  chalk,  the  bottom 
ballast  should  not  be  entirely  of  broken  stone  or  slag, 
as  these  substances  gradually  work  upwards,  eventually 
getting  into  contact  with  the  sleepers  and  thus  ruining 
the  drainage. 

It  has  been  found  to  be  advantageous  to  spread  on  such 
beds  a  layer  of  6"  to  9"  of  ashes,  with  3"  of  broken  stone 
immediately  under  the  sleeper. 

The  path,  or  cess,  outside  the  sleeper  ends,  should  be 
slightly  lower  than  the  underside  of  sleeper,  to  facilitate 
drainage. 

SUPER-ELEVATION. 

The  following  instructions  appertaining  to  the  super- 
elevation of  outer  rail  of  curves,  gauge  and  checking  of 
curves,  are  those  in  use  on  one  of  the  premier  Railway 
Companies  in  England,  and  may  be  taken  as  fairly  standard 
practice  : — 

In  using  the  standard  tables  to  find  the  required 
super-elevation,  stretch  a  cord,  66  ft.  long  (1  chain)  across 
the  inner  side  of  the  Curve,  measure  the  distance  "  V  " 
between  the  rail  and  the  cord,  as  shown  in  the  sketch 
(page  219),  then  look  for  this  measurement  in  the  column 
headed  "  V  "  and  opposite  in  column  "  R  "  will  be  found 
the  radius  of  the  Curve.  In  the  other  columns  under 
"  E  "  will  be  found  the  super-elevation  required  to  be 
given  to  the  outer  rail,  in  inches,  according  to  the  speeds 
of  the  trains. 
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Example, — The  distance  between  the  rail  and  the 
cord  is  l=r^j5  in.,  on  finding  this  in  column  "  V  "  look  opposite 
to  it  in  column  "  R,"  and  there  will  be  given  the  radius 
of  the  Curve,  namely,  75  chains,  and  in  the  column  showing 
speed,  50  miles  per  hour,  will  be  found  2  in.,  which  is  the 
super-elevation  necessary  to  be  given  to  the  outer  rail 
for  a  speed  of  50  miles  per  hour. 

As  the  curve  is  approached,  the  super-elevation  must 
be  gradually  attained  at  the  rate  of  1  inch  in  each  66  feet 
length,  and  run  out,  at  the  end  of  the  Curve,  in  the  same 
way  as  at  the  approach. 

It  should  be  noted  that  Curves  of  similar  radii,  on  the 
same  gradient,  will  require  a  different  amount  of  super- 
elevation, because  the  speeds  of  the  trains  will  be  greater 
on  the  falling,  than  on  the  rising,  gradients.  On  gradients 
on  single  lines,  the  outer  rail  of  Curves  must,  as  a  rule,  be 
raised  to  suit  the  speeds  of  descending  trains. 

Expansion  of  Rails. 

When  relaying  with  rails  30  or  45  feet  long,  the  following 
spaces  must  be  left  at  the  joints,  according  to  the  length 
of  the  rails  and  the  temperature  prevailing  at  the  time  : — 


Temperature 
Degrees 

Nature  of  Weather, 

Spaces. 

Fahrenheit. 

30  ft.  Rails. 

45  ft.  Rails 

80 
60 
32 

Hot  Weather   ..      .. 
Moderately  Cool 
Cold 

inch. 
i 

i 

inch. 

Small  iron  expansion  gauges  must  be  used,  equal  in 
thickness  to  the  respective  spaces  given  above.  Wooden 
gauges  must  on  no  account  be  used.  The  gauges  must 
remain  in  the  joints  until  the  rails  are  properly  fished  up, 
or  the  expansion  allowance  may  be  lost  when  "  butting 
up  the  rails  "  when  linking  in. 

Gauge,  and  Checking  of  Curves. 

In  Curves  of  10  chains  radius  and  above,  the  gauge  of 
the  road  must  be  maintained  at  the  standard  width  of 
4  feet  8^  inches  ;  but  in  Curves  of  less  than  10  chains 
radius  it  may  be  slightly  widened  according  to  the  radius 
of  the  Curve  and  other  circumstances. 

In  checking  Curves,  the  check  rail  must  extend,  when 
possible,  for  a  length  of  60  feet  beyond  the  commencing 
and  finishing~points^of  the  Curve.  Check  chairs,  giving 
a  clearance  of^lf'in.,  must  be  used  in  Curves  of  10  chains 
radius  and  over.  Where  the  radius  is  under  10  chains 
the  clearance  should  be  2  inches 
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SWITCHES  AND  CROSSINGS 
Switches. 

Design. — They  are  termed  right  or  left-hand  pairs, 
according  as  they  divert  a  train  to  the  right  or  left  when 
running  through  them.  A  pair  consists  of  two  movable 
tongues  and  two  outer  rails  termed  stocks.  The  tongues  are 
tapered  to  a  very  fine  edge  at  the  point  or  nose,  the  length 
of  the  planing  depending  on  that  of  the  switches. 

There  is  no  uniformity  among  the  railway  companies 
in  reckoning  the  length,  the  joint  of  the  tongue  being  at 
various  openings  from  the  back  rails,  but  if  the  distance 
from  nose  to  where  the  opening  from  stock  is  4V  (running 
faces)  be  taken  in  every  case  it  would  form  a  means  of 
comparison.  In  any  case  the  joint  must  be  so  placed  as 
to  give  the  flangeway  clearance  between  the  rails,  also  the 
travel  of  the  toe  must  be  sufficient  to  provide  this  clearance 
throughout  the  length  of  the  planing.  As  ordinary  chairs 
cannot  be  used,  on  account  of  the  movement  of  the  blades, 
other  means  of  keeping  gauge  and  inclination  have  to  be 
adopted. 

This  is  done  by  providing  slide  chairs  where  the  move- 
ment exceeds  ^",  bolted  to  stock  rail,  and  tie  rods  between 
the  tongues.  Where  the  blades  separate  from  the  stocks, 
the  chair  bolts  have  studs  for  the  webs  of  the  tongues 
to  bear  against,  preventing  spread. 

The  toe  being  the  point  where  the  deflecting  force  comes 
into  play,  special  means  to  prevent  spread  have  to  be  made, 
either  by  a  tie  rod  just  in  front,  or  a  tie  plate  on  sleeper 
bolted  through  with  chairs. 

The  stocks  are  extended  both  ways  beyond  the  tongues, 
to  obviate  the  tendency  to  "rock,"  as  is  the  case  with 
short  switches  ;  this  effect  is  also  minimized  where  the 
toes  are  housed  under  the  stocks. 

There  are  several  methods  of  planing  the  nose,  the 
commonest  being  to  plane  down  the  head  gradually  to 
depth  of  flange  ;  another  is  to  plane  down  similarly,  but 
to  house  under  the  stock  ;  lastly  the  point  is  planed  down 
about  y  and  the  stock  rail  set  out  to  cover  the  stub  point  ; 
in  the  last  method  the  nose  is  stouter  and  stronger  than 
the  other  two  methods. 

Manufacture. — In  all  cases  bending  is  done  cold.  The 
stock  rails  are  cut  to  dead  length  at  the  cold  saw. 

The  sawn  rails  are  drilled  for  fish  and  chair  holes. 

The  tongues  are  similarly  sawn  and  drilled  ;  they  next 
go  to  the  hydraulic  bender  to  be  set  ;  the  length  of  planing 
is  set  off  from  a  template  and  rails  given  a  straight  bend 
at  that  point.  The  object  of  bending  the  rail  is  obvious — 
to  bring  web  central  at  toe.  The  backs  of  the  rails  are 
next  planed  to  the  exact  profile  if  required  to  fit  under 
head  of  stocks.  The  front  top  and  finishing  planing 
follow,  and  they  are  then  taken  to  the  fitting  benches  to 
be  fitted  up  with  stocks,  chairs,  connecting  and  tie-rods 


225 

complete,  then  carefully  gauged,  the  flangeways  being  also 
checked.     (See  Fig.  9.  page  227). 

Crossings. 

Design. — The  built-up  form  is  the  commonest  and  most 
preferred.  It  consists  of  two  spliced  rails  forming  the 
"  Vee  "  and  two  wing  rails,  the  latter  being  running  rails 
for  only  a  part  of  their  length. 

Guard  rails,  one  for  each  road,  are  also  provided  to 
prevent  the  nose  of  "  vee  "  being  struck  by  wheels 
wandering  across  the  gap.  The  length  overall  of  the 
crossing  should  be  sufl&cient  to  counteract  any  tendency 
to  "  rock."  All  running  rails  should  be  canted  normal 
to  the  cones  of  the  tyres,  and  checks  or  guards  vertical, 
since  it  is  the  backs  of  the  wheel  flanges  which  come  in 
contact  with  them. 

The  flangeway  clearances  should  be  run  out  gradually 
to  prevent  shock. 

The  "  vee  "  is  centred  between  the  wings  at  an  interval 
equal  to  the  flangeway,  this  being  maintained  by  distance 
or  blocking  pieces,  and  the  whole  connected  securely  by 
through  bolts.  Special  chairs  have  to  be  used  except 
where  the  offset  between  the  rails  is  sufficient  to  allow 
of  the  ordinary  ones  being  inserted. 

Manufacture. — The  guard  rails  are  simply  bent  a.% 
the  press,  the  set  being  checked  by  a  slip  gauge. 

The  "  vee,"  consisting  of  a  point  rail  (which  is  the 
through  rail,  and  has  the  nose  formed  at  the  end)  and 
the  splice  rail,  which  does  not  extend  so  far  as  the  former, 
has  both  rails  set  before  planing.  Then  the  splice  rail  is 
planed  on  back,  the  point  rail  similarly  to  a  common 
profile.  They  are  next  bolted  together  and  the  running 
faces  then  planed  to  form  the  nose  ;  the  finishing  planing 
follows,  bolts  being  removed  and  rivets  substituted. 

The  wings  are  bent  in  the  press  and  the  portion  that  is 
to  become  the  running  rails  is  canted  1  in  20,  or  1  in  24, 
as  the  case  may  be.  They  are  then  ready  for  fitting  to 
the  "  vee."  This  is  done  on  a  bench,  where  all  blockings, 
through  bolts  and  chairs  are  added,  thus  completing  the 
crossing.  The  guards  simply  have  their  check  chairs 
keyed  on  before  delivery  at  site. 

Block  Fittings, 
e.g.,  diamonds,  single  and  double  compounds,  and  special 
linked  up  switches  and  crossings,  are  generally  manu- 
factured in  the  shops  and  fitted  together  before  despatch 
to  site  ;  this  procedure  ensures  the  gauge  and  alignment 
being  satisfactory.  The  method  of  working  to  wooden 
templates  of  blocks  of  fittings  is  antiquated.  A  large 
scale  diagram  of  the  block  (say  to  8  ft.  or  4  ft.  scale)  is 
far  more  convenient,  greater  accuracy  being  attained  by 
the  latter  method,  since  in  the  former  much  depends  on 
the  correct  piecing  together  of  the  template  sections,  which 
in  transit  frequently  get  broken,  distorted  or  warped 
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Diamonds. — When  one  road  crosses  another  a  diamond 
is  formed.  It  consists  of  two  end  crossings  and  two 
"  elbows  "  with  guards  to  each.  The  manufacture  of 
the  elbows  is  all  that  need  be  described.  An  elbow  is 
made  up  of  a  back  rail,  two  point  rails  and  an  inside  check 
rail.  The  back  rail  is  simply  bent  at  centre  to  an  angle 
supplementary  to  that  of  the  crossing  angle,  also  it  is  canted 
1  in  20  or  so  for  both  roads  it  is  to  form. 

The  point  is  first  set,  then  planed  both  sides  of  head 
only,  to  form  the  nose.  The  inside  check  is  bent 
similarly  to  the  back  rail,  but  is  not  canted  ;  another  bend 
at  the  ends  is  put  in  to  grade  out  the  flangeway  clearance. 
The  elbow  is  fitted  up  complete  with  back,  points  and 
check  rails,  blocking  pieces  and  special  chairs. 

Compounds. — The  tracks  forming  a  diamond  are 
frequently  connected  by  "  slips  "  forming  single  or  double 
compounds,  according  as  one  or  two  slips  are  inserted. 

The  manufacture  of  all  the  component  parts  has  been 
described  above. 

Switch  Diamonds. — The  Board  of  Trade  do  not  permit 
the  laying  in  of  elbows  flatter  than  1  in  8  angle  with 
fixed  points.  To  overcome  this  limitation  switch  diamonds 
have  been  devised,  where  four  sliding  points  or  switches 
are  substituted  for  the  fixed  ones.  The  tongues  are 
coupled  up  in  pairs  and  worked  by  a  rocking  lever  in 
opposite  directions.  Thus  a  through  road  is  provided  in 
lieu  of  gaps.  The  planing  of  the  tongues  is  necessarily 
short,  on  account  of  the  angle  of  divergence  being  greater 
than  with  ordinary  switches,  consequently  lateral  support 
has  to  be  provided  for  the  switch  to  shut  up  against,  this 
being  effected  by  auxiliary  rails  to  which  the  slide  chairs 
are  bolted  ;  they  are  extended  past  the  heel  of  the  points, 
and  two  or  three  chairs  on  each  side  are  bolted  through 
both  rails,  thus  giving  the  necessary  rigidity. 

There  are  the  usual  connecting  rods  to  hold  the  blades 
together. 

Timbers. — All  crossing  work  should  be  laid  on  through 
timbers,  as  the  subsequent  maintenance  will  be  consider- 
ably lightened  thereby,  and  the  heavy  and  solid  block 
thus  formed  is  not  likely  to  get  knocked  out  of  alignment. 

Double  Junctions. — The  provision  of  flat  easy  junctions 
is  now  possible  without  having  recourse  to  widening  out 
the  lines  to  bring  the  angle  of  the  elbows  within  the  Board 
of  Trade  regulation,  by  the  insertion  of  switch  diamonds 
described  above.  For  a  6'  6"  interval  between  tracks 
(running  faces),  the  flattest  curve  attainable  for  1  in  8 
fixed  elbows  is  1,200'  radius,  giving  a  short  length  of 
straight  before  entering  the  elbows,  thus  obviating  the 
outer  rail  point  being  unduly  struck.  The  leading  crossings 
would  be  of  angle  1  in  11  J,  and  deflection  angle  of  switches 
should  not  be  less  than  1  in  48. 

The  speed  restriction  over  such  a  junction  is  25  miles 
per  hour. 
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Right  Hand  Pair  of  Switches.         left  Hand  Pair  of  Switches 


ARRAnCEMENT   OF  A  PAIR  OF  SWITCHES. 
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ARRANGEMENT  OF  ORDINARY  CROSS/NG. 
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Fig.  10. 


DETAIL  SKETCH  OF  VEE  SPLICE. 
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With  movable  points  angle  1  in  lOJ,  the  turnout 
radius  may  be  2,350'.  The  leading  angles  are  in  this 
case  1  in  16,  and  angle  of  divergence  of  switches  1  in  80. 
The  speed  restriction  over  such  a  junction  might  be  35 
miles  per  hour.  In  both  cases  cited  above  the  main  lines 
are  taken  as  straight,  consequently  there  would  not  be 
any  restriction  of  speed  over  them. 

*'  Limits  "  Switches. — -The  angle  of  deflection  for 
goods  lines  should  not  be  less  than  1  in  26-7  ;  for  main 
lines  1  in  37-3,  or  lo'  and  14'  to  the  4^"  opening  res- 
pectively. 

For  fast  double  junction  1  in  80  is  a  suitable  angle  for 
the    switches. 

"  Limits  "  Crossings. — Angles  sharper  than  1  in  2 
are  rarely  made  of  the  built-up  type,  as  this  is  considered 
the  limiting  angle  for  bending  the  wings,  and  below  this 
the  length  of  splice  is  insufficient  for  secure  fastening. 

The  higher  hmit  seems  to  be  about  1  in  70,  there  being 
many  crossings  of  this  angle  in  existence.  The  length  of 
gap  comes  into  the  question  and  deters  one  from  going 
much  beyond  the  above  flat  angle. 

Life. — Under  ordinary  conditions,  in  main  lines  free 
from  very  sharp  curves,  and  abnormal  shunting,  the  life 
of  fittings  is  from  14-17  years. 

SETTING  OUT  PERMANENT- WAY. 

The  curves  generally  used  in  railway  work  are  either 
circular   or  parabolic. 

For  the  reason  that  its  rate  of  deflection  is  constant, 
the  circular  curve  is  used  for  all  ordinary  purposes,  the 
parabolic  curve  being  introduced  for  transition  purposes 
between  circular  ciurves  and  straight,  or  between  two 
circular  curves  of  greatly  varying  radii. 

Circular  curves  are  spoken  of  as  (I.)  Simple — having  the 
same  radius  throughout.  (II.)  Compound — being  two  or 
more  circular  arcs  having  a  common  tangent  at  their 
point  of  junction.  (III.) — Reverse — consisting  of  two 
curves  of  the  same  or  differing  radii  running  in  opposite 
directions. 

In  England  curves  are  described  by  the  lengths  of  their 
radii,  but  in  America  and  other  countries  they  are  described 
as  1  degree,  2  degrees,  etc.,  curves,  according  to  the  angle 
subtended  by  lOO  ft.  chord  at  the  centre  (see  Fig.  1). 

Thus  a  1 -degree  curve  has  a  radius  of  5,730  ft.,  and  a 
2-degree  curve  a  radius  half  as  much.  The  radius  may 
be  found  from  the  equation  R=j^  chord. 

Sin  oc 

There  are  various  methods  of  setting  out  circular 
curves,  but  the  one  generally  used  is  that  suggested  by 
Rankine,  which  will  be  found  to  work  well  for  curves 
not  exceeding  300  chains  rad.  The  method  of  procedure 
is  as  follows  : — 
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It  is  usual  to  make  a  careful  survey  of  the  site  on  which 
the  lines  of  straight  and  radii  of  the  curves  to  be  used  are 
approximately  determined.  The  straights  or  tangents, 
as  they  are  called,  are  then  ranged  out  on  the  ground  and 
the  angles  between  them  measured  with  a  theodolite. 
Having  determined  the  angle  of  deflection  on  the  ground, 
we  may  proceed,  with  the  radius  on  the  plan,  to  calculate 
the  exact  length  of  each  tangent  and  the  length  of  the 
curve. 

Fig.  2. 

Let  B  A  D  =  deflection  angle,  then  since  the  tangents 
are  at  right  angles  to  the  radius,  the  angles  D  H  C  and 
BAD  will  be  equal,  and  if  R  be  the  radius  the  length  of 
the  tangents  A  D  or  A  C  will  be  R  X  tan.  i  B  A  D.  The 
length  of  curve  D  C  =  2  7rR  (B  AD)      Where  7r  =  3-1416 

360 
and  B  A  D  =  angle  in  degrees.     Other  information  which 
may  be  useful  for  checking,  etc.,  may  be  found  from  the 
following  formulas. 


231 

A  E   =   R  (sec.  i  B  A  D— 1). 

E  J    =    R  (1— cos  i  BAD). 

D  J    =   R  sin  i  B  A  D. 

R        =         AD 

tan  J  B  A  D 
Having  calculated  the  length  of  the  tangents  these  are 
measured  out  on  the  ground  from  the  intersection  point 
A  and  the  theodolite  set  up  at  either  of  the  tangent  points 
D  or  C.  From  either  of  these  points  equal  angles  A  D  K, 
K  D  L,  L  D  M,  etc.,  are  set  ofi  and  equal  arcs  D  K, 
K  L,  L  M,  etc  ,  measured  from  D,  give  points  on  the 
curve  (see  Fig.  3).  It  is  usual  to  assume  for  practical 
purposes  that  the  arcs  D  K,  K  L,  etc.,  are  the  same  length 
as  the  chords  D  K,  K  L,  etc.,  and  to  measure  the  chords 
as  shown  in  dotted  lines,  making  allowances  for  the  differ- 
ence in  length  only  in  the  case  of  very  sharp  curves. 

It  is  usual  to  adopt  a  chord  length  of  66  ft.  except  in 
curves  of  less  than  20  chains  radius  in  which  33  ft.  chords 
are  desirable. 

1719 
A  D  K.     The  tangential  angle  in  minutes  = where 

R= radius  in  chord  lengths.  I^ 

In  actual  practice  it  is  not  desirable  to  set  out  a  greater 
length  than  five  chains  from  one  point,  after  which  the 
instrument  should  be  moved.  Thus  if  it  is  required  to 
extend  the  curve  from  L,  if  we  set  the  vernier  plate  to  the 
angle  for  1  chord  length,  viz.,  the  angle  A  D  K,  and  look 
on  the  point  M,  the  angle  for  2-chord  lengths  will  give 
the  next  point  on  the  curve.  The  curve  should  be  checked 
by  calculating  the  distance  to  the  middle  point  A  E, 
and  if  the  end  of  the  curve  does  not  work  out  to  an  even 
chord  length  the  remaining  length  should  be  measured 
and  checked  with  the  calculated  length  of  the  curve 
D.C.  The  tangential  angle  for  the  odd  chord  length 
will  be  in  the  proportion  of  the  odd  to  the  full  chord  length. 
The  total  of  the  tangential  angles  should  be  equal  to  half 
the  deflection  angle. 

On  pages  239-250  will  be  found  tables  giving  lengths 
of  tangents,  etc.,  for  deflection  angles  up  to  70  degrees, 
and  tables  giving  tangential  angles  for  curves  up  to  500 
chains  radius  on  pages  251  to  255,  and  explanations  of 
same  on  pages  237  and  238. 

Curves  over  300  chains  in  radius  are  more  accurately 
set  out  by  reading  the  deflection  angle  and  calculating 
the  distance  A  E  as  before,  after  which  the  remaining 
points  should  be  put  in  as  follows.  At  the  mid-point  of 
the  line  joining  D  E  put  the  offset  x  =  J  A  E  and  at  the  mid- 
point of  the  chords  E  F  and  F  D  put  the  offset  y=  Jx. 
and  so  on  until  the  required  number  is  obtained.  (See  Fig.  4). 

TRANSITION  CURVES. 
The  object  of  transition  curves  is  to  ease  the  running 
at  the  tangent  points  of  straight  and  sharp  curves,  and  to 
obviate  the  need  of  running  the  cant  up  on  the  straight. 


y     -      " 
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F/g.  4. 


Fig.  4. 

The  type  of  transition  curve  generally  used  in  this 
country  is  the  cubic  parabola  and  is  so  proportioned  as  to 
give  the  theoretical  cant  at  all  points  on  the  curve  when 
running  it  up  at  a  constant  grade. 

In  working  out  a  transition  curve  it  is  first  necessary 
to  determine  the  radius  of  the  circular  curve  and  the 
superelevation  to  be  adopted  on  same. 

The  superelevation  may  be  determined  bj'  any  method, 
but  the  one  most  generally  used  is  the  formula. 

gr 
Where  K    =   superelevation. 
G    =   gauge  of  line. 
V     =   velocity  in  ft.  per  second, 
g    =32-2    ft.    per    sec.2=:  acceleration    due    to 

gravity 
r     =  radius  of  line  in  ft. 
Having  determined  the  cant,  the  grade  at  which  it    is 
to  be  run  up   must  be  decided  and  this  should  not  be 
steeper  than  I"  in  a  chain  where  full  speeds  are  allowed. 

The  length  of  the  transition  curve  will  then  be  equal 
to  the  amount  of  cant  multiplied  by  the  gradient.  Thus 
if  the  cant  is  3"  and  the  gradient  1"  in  66'  D",  L=the  length 
of  transition  =  3x68=198'  0". 

The  shift  or  amount  the  circular  curve  has  to  be  moved 
to  allow  of  the  necessary  flattening  is 

s=iLi 

6R 

Where  L= length  of  transition. 

R  =  radius  of  circular  arc. 

In  setting  out  transition  curves  it  is  usual  to  leave  some 
permanent  marks,  such  as  concrete  blocks,  which  indicate 
the  centre  line  and  the  amount  of  cant.  It  is  therefore 
desirable  to  place  these  blocks  at  intervals  corresponding 
to  say  each  V  of  cant,  which,  if  the  cant  is  1"  in  66'  0",  will  be 
33'  0"  apart.  The  offsets  must  therefore  be  worked  out 
for  every  half-chain  and  may  be  found  from  the  formula 

6LR 

Where  y  =  offset  from  straight  at  any  distance. 
X  from  the  tangent  point  A. 
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<0   i; 


c^^ 


-i^  e  Tangent  Point  of  shifted  circular.^,y^^,r 

^^  Arc  and  Transition  Curve ^^ ^'^^  W 


Fig.  5 


The  offsets  may  be  very  quickly  worked  out  from  this 
formula  with  a  table  of  logarithms,  since  the  denominator 
is  the  same  for  any  value  of  x.  The  offset  at  B  =  |S  and 
the  offset  at  C=4S.  Half  the  length  of  the  transition 
curve  is  placed  on  each  side  of  the  tangent  point  of  the 
original  circular  arc. 

In  setting  out  circular  curves  %vith  transitions  the 
tangents  are  ranged  out  as  for  ordinary  circular  curves, 
but  before  the  curve  is  pegged  out  it  is  necessary  to  move 
the  tangents  by  the  amount  of  shift  (see  Fig.  6),  the  circular 
curve  being  then  set  out  as  before.  The  transition  curve 
may  be  pegged  out  from  a  string  line  on  the  original  straight. 
The  above  sketch  shows  the  setting  out  for  a  reverse  curve. 

Transition  curves  are  not  generally  used  where  the 
circular  arc  is  over  80  chains  radius  as  the  shift  is  then  so 
small  as  to  be  negligible. 

Curves  are  generally  marked  on  the  ground  by  means 
of  pegs  in  the  top  of  which  a  small  nail  is  driven  to  indicate 
the  exact  position,  concrete  blocks  being  afterwards 
substituted  if  required. 

CROSSING  WORK. 

Crossing  work  may  be  either  set  out  on  the  ground  or 
the  angles  and  distances  calculated  or  drawn  out  in  the 
office.  Generally  speaking  the  former  method  is  more 
convenient  where  the  work  has  to  fit  in  with  other  junctions, 
or  in  cases  where  main  lines  are  curved  and  not  parallel, 
but  in  laying  out  new  yards,  etc.,  where  there  is  no  existing 
work  to  interfere  with,  the  calculation  method  is  prefer- 
able. 
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IP.  Transition 
(JV  J^  ^/70'  Straight. 

IP.  Circular  Arc 
^  and  Straight 

^^  IP  Transition 
^  and  Circular  Arc. 


%  T.P  Transition 
■^  and  Circular  Arc. 


TP  Circular  Arc 
<jo\\\-  and  Straight 

%  TP  Transition 
a  and  Straight 
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/  Choi'd  and  Offset.    Fig.  7 
A  B 


In  crossing  work  long  curves  are  set  out  with  a  theodolite 
as  before  described,  but  in  ordinary  turnout  work  the 
curves  are  so  short  that  sufficient  accuracy  is  obtained 
by  one  or  other  of  the  string  line  methods,  which  are 
sufficiently  near  to  make  it  a  matter  of  convenience  on 
the  site  as  to  v/hich  one  is  used. 

There  is  some  difference  in  practice  as  to  the  method 
of  leaving  the  main  line  at  switches.  One  method  is  to 
set  the  curve  round  from  a  true  tangent  on  the  main  line, 
inserting  the  heel  of  the  switch  at  the  4V'  opening,  the  other 
is  to  commence  the  curve  tangential  from  the  heel  of  the 
switches.  The  latter  method  is  obviously  the  more 
correct  one,  as  in  the  former  we  have  the  same  length 
of  lead  for  any  given  curve,  no  matter  at  what  angle  the 
switch  deviates  from  the  main  line. 

In  the  first  case  it  is  necessary  to  find  a  line  from  which 
to  start  the  curve,  and  this  may  be  done  by  putting  up  the 
centre  line  if  the  main  line  is  straight  or  by  picking  up  a 
tangent  on  the  centre  line  at  the  intended  point  of  departure 
if  it  is  curved,  the  turnout  curve  being  set  out  from  this 
line  by  one  of  the  following  methods. 

I.— Chord  and  Offset.     Fig.  7. 

Offset    from   tangent    BC  =     ^^"'^^^ 

2  Radius 

Offset  from  chord  produced  D  E=     ^^°^^ ^ 

radius 

Assume  length  of  chord  say  10  or  15  ft. 
Measure  out  A  B  =  1  chord  length  and  give  offset  B  C, 
Measure  out  another  chord  length  C  D  and  pulling  over 
point  C  give  offset  D  E.  Then  pulling  from  C  through 
point  E  chord  length  E  F  give  offset  F  G  =  D  E  and  so  on. 
If  it  be  required  to  find  a  tangent  at  say  G,  pull  line'from 
E  over  G  to  H  and  give  offset  H  K  equal  to  first  offset 
B  C. 
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R  Offset  from  Tangent.  Fig.  8. 

.A  B  C  D 


II. — Offset  from  Tangent. 
Offset   No.    1=     ^^"^'i' 


Fig.  8. 


2  Radius 

Remaining  offsets  may  be  found  by  multiplying  offset 
No.  1  by  the  square  of  the  number  of  offset 
Thus,  Offset    No.  2  =  BEx22 
No.  3  =  B  Ex 32 
The  chord  lengths  are  assumed  as  before  and  the  offsets 
given  at  right  angles  to  the  tangent.     This  method  should 
only  be  used  where  the  deflection  of  the  curve  is  small, 
as  it  is  really  a  parabolic  curve. 


M.  Chords  and  versed- sines.  Fig.  9. 


III. — Chords  and  versed-sines.     Fig.  9. 

This  method  is  most  convenient  where  two  fixed  lines 
of  straight  have  to  be  connected  by  a  curve.  First  measure 
out  the  two  equal  tangents  B  A  and  B  C,  then  pull  up  the 
chord  A  C  and  measure  the  distance  to  the  intersection 
B  D.  Half  this  distance  will  give  the  mid-point  of  the 
curve  E.  From  E  another  chord  is  used  to  connect  A, 
and  at  its  mid-point  F  give  offset  F  H  =  J  E  D.  Similarly, 
if  further  points  on  the  curve  are  required  other  chords, 
such  as  H  E,  may  be  used,  giving  \  of  offset  F  H 
at  the  centre.  The  radius  of  the  curve  may  be  found 
from  the  formula  J  AC^ 
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Tangent  Point 
of  Curve  — >- 


-Length  of  Switch 


AH  of  the  foregoing  methods  are  only  approximate,  but 
in  curves  of  the  length  usually  found  in  crossing  work  the 
error  is  negligible. 

Having  set  out  the  curve  tangential  with  the  main  line, 
the  4J"  opening  is  measured  and  the  heel  of  the  switch 
pegged  in  at  that  point.  The  A^"  is  the  usual  opening 
at  the  heel  of  switches,  being  made  up  of  the  width  of  the 
rail,  21",  and  the  flangeway  clearance.  If. 

If  it  is  required  to  take  the  length  of  the  switch  into 
consideration  in  setting  out  the  turnout,  this  may  be  done 
in  the  case  of  straight  switches  by  measuring  out  the  length 
of  the  switch  and  pulling  a  hne  from  the  toe  over  the 
4^"  opening,  using  this  as  the  tangent  from  which  tojset 
out  the  curve  as  shown  on  Fig.  10 . 


Tangent  Point 
of  Curve 


Equivalent- ,  , 
Length  of  Switch 

If  the  switches  are  curved  it  is  necessary  to  find  the 
distance  on  the  main  line  centre  at  which  a  tangent  at 
the  heel  would  cut.  and  a  line  pulled  from  that  point  over 
the  AV  opening  would  give  the  tangent  from  which  to 
commence  setting  out  the  curve.     (See  Fig.  11.) 

Having  set  out  the  cmrve,  the  crossing  is  taken  by  putting 
up  lines  at  half  gauge  from  the  centre  of  the  main  line 
and  tiu-nout,  and  measuring  the  distance  between  the 
6"  openings  on  each  side  of  the  intersection,  which  gives 
the  angle  of  the  crossing.  It  is  usual  to  leave  a  peg 
under  the  intersection  of  the  crossing  for  the  guidance 
of  the  relaying  ganger. 

CURVE  TABLES. 

The  following  tables  give  pratically  all  the  information 
required  for  setting  out  ciurves  on  the  method  described 
on  page  229,  and  are  intended  to  avoid  the  necessity  for 
carrying  a  large  book  of  mathematical  tables. 

From  Table  I.  may  be  obtained  the  lengths  of  tangents, 
subtangents,  position  of  mid-points  of  curve  and  length 
of  curve,  by  multiplying  the  value  opposite  the  required 
deflection  angle  by  the  radius,  the  radius  being  in  whatever 
units  the  answer  is  required — that  is  to  say,  if  the  radius 
is  in  feet  the  length  of  tangents,  etc.,  will  be  in  feet,  or  if 
the  radius  is  in  chains  the  answer  will  be  in  chains. 


238 

Column  (a)    gives  the  deflection  angle  BAD. 

„        (b)        ,,         ,,   lengths  of  tangents  A  C  and  A  D. 

„         (c)        ,,         ,,  lengths  of  subtangents  E  F  and  FD. 

,,        (d)        „         ,,  distance  to  mid-point  A  E, 

,,        (e)         ,,         .,  do.  for  sub-tangents  FG. 

(f)         ,,         „  length  of  curve  D  G  E  C. 

The  table  gives  the  figures  for  every  tenth  minute  in  the 

main  columns  and  in  the  difference  column  is  givea  the 

difference  for  1  minute.     This  must  be  multiplied  by  the 

number  of  odd  minutes  required  and  added  to  the  figure 

in  the  main  column,  keeping  the  extreme  right-hand  figure 

of  the  difference  one  place  to  the  right  of  the  last  figure 

in  the  main  column.     Thus,  supposing  it  is  required  to 

find  the  length  of  tangent  for  a  40  chains  radius  curve 

having  a  deflection  angle  or  20°  23|'. 

Opposite  20°  20',  in  column  (b),'we  have  -17933  and  in 

the  adjoining  small  column   the   difference  for   l'  =  150  ; 

multiply   this   by   the   number   of   odd   minutes,    we   get 

1 50  X  31  =  525 .     Therefore  •  1 7933 

525 

•179855  is  the  value  for  20°  23i'. 

Multiply  by  radius  40 

and  we  get  7-194200=7  chs.  19-42  links. 

The  other  columns  may  be  worked  out  in  the  same  way. 

Table   II.  gives   the  tangential  angles  for  setting   out 

curves  in  one  chain  arcs  up  to  10  chains  in  length  for  various 

radii,  and  will  be  found  to  save  much  time  in  working 

these  angles  on  the  ground. 

1719 

as  described  on 


These  angles  are  calculated  from 
page  231. 


R 


Fig.  12. 
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TABLE  1 — (continued). 
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•05460 

073 

•00598,016 

•00149  004 

-21817  291 

12°  40' 

•11099 

147 

•05532 

073 

•00614:016 

•00153  004 

•22107  291 

12°  50' 

•11246 

147 

•05606 

073 

•00630  016 

•00157  004 

•22398  291 

13°  00' 

•11393 

147 

•05678 

073 

•00647  017 

•00161004 

•22689  291 

13°  10' 

•1154l!l47| 

•05752:073r  -00664:017' 

•00165*004 

-22980  29 1 

13°  20' 

•11688  147 

•05824  073^   -(10681  017, 

-00169  004 

-23271  291 

13°  30' 

•11836  147 

•05898  073 

•00698,017 

•00174  004 

-23562 

291 

13°  40' 

•11983 

147 

•05970 

073 

•00715|017 

•001781004 

•23853 

291 

13°  50' 

•12131 

147 

•06044 

073 

•00733  018 

•00182'004 

•24144 

291 

14°  00' 

•12278 

148 

•06116 

073 

•00751 

018 

•00187 

005 

•24435 

291 

14°  10' 

•12426 

148 

-06190 

073 

•00769 

018 

•00191 

005 

•24726 

291 

14°  20' 

•12574  148 

-06262;073    -007871018 

•00196 

005 

•25016 

291 

14°  30' 

•12722  148 

•06336073    •00806t019 

•00200 

005 

-25307 

291 

14°  40' 

•12869 

148 

•06408  073    -008251019 

•00205 

005 

-25598 

291 

14°  50' 

•13017 

148 

-06482  073-00844  019 

•00210 

005 

-25889 

291 

15°  00' 

•13165 

148 

•06554  073    •00863loi9 

•00214 

005 

-26180 

291 

15°  10' 

•13313 

148 

•06628 

073    •00882 

0191 

•00219 

005 

-26471 

291 

15°  20' 

•13461 

148 

•06700 

073    ^00902 

020 

-00224 

005 

-26762 

291 

15°  30' 

•13609 

148 

•06774 

073    -00922 

020 

-00229 

005 

-27053 

291 

15°  40' 

•13757 

148 

•06846 

073    -00942 

020 

•00234 

005 

-27343 

291 

15°  50' 

•13906 

148 

•06920 

073]  ^00962 

020 

•00239 

005 

-27634 

291 

16°  00' 

■14054 

148 

•06993 

073    ^00983 

021 

•00244 

005 

-27925 

291 

16°  10' 

•14202 

148 

•07066i073:  ^01003 

021 

•00249 

005 

-28216 

291 

16°  20' 

•14351 

148 

•07139|(>73;  ^01024 

121 

•00254 

005 

-28507 

291 

16°  30' 

•14499 

148 

•07212  073    ^01046 

021 

•00260 

005 

-28798 

291 

16°  40' 

•14648  1481 

•07285 

073 

1  ^01067 

021 

•00265 

005 

-29089 

291 

16°  50' 

•14796 

149 

•07358 

073 

•01089 

022 

•00270 

005 

-29380 

291 

17°  00' 

•14945 

149 

•07431 

073 

•01111 

022 

•00276 

005 

-29671 

291 

17°  10' 

•15094 

149 

•07505 

073 

•01133 

022 

•00281 

005 

•29961 

291 

17°  2(»' 

•15243 

149 

•07577 

073 

•01155 

022 

•O0287 

005 

■30252 

291 

17°  30' 

•15391 

149 

•07651 

073 

•01177 

022 

•O0292O06 

■30543 

291 

17°  4(i' 

•15540 

149 

•07724 

073 

•01200 

023 

•00298  006 

•3^1834 

291 

17°  50' 

•15689 

149 

•07797 

073 

•01223 

023 

•00303  006 

-31125 

291 

242 


TABLE  1 — (continued), 

Deflection 
Anglp 
BAD. 

Tangents 
A  D  and  A  C. 

Difference. 

Sub-tangents 
D  F  and  F  E. 

! 

to 
Q 

cfl 

c 
Q 

Sub-Secant — 
Radius   F  G. 

CI 

Q 

Length  of  Curve 
DGEC. 

u 
d 

S 

(a) 
18°  00' 

(b) 
•15838 

149 

(c) 
•07870 

073 

(d) 
•01246 

023 

(e) 
•00309 

006 

(f) 
•31416 

291 

18°  10' 

•15987 

149 

•07944 

073 

•01270 

023 

•00315 

006 

•31707 

291 

18°  20' 

•16137 

149 

•08016 

O73I'  -01294 

024 

-00321 

006 

•31998,291 

18°  30' 

•16286 

14911  •08090 

073 

•01317 

024 

•00326 

006 

•32289  291 

18°  40' 

•16435 

149il  -08163 

073 

•01342 

024 

•00333 

006 

•32579  291 

18°  50' 

•16585 

150 

•08236 

073 

•01366 

024 

-00338 

006 

•32870  291 

19°  00' 

•16734 

150 

•08309 

073 

•01390 

024 

-00345 

006 

•33161  291 

19°  10' 

•16884 

150 

•08383 

073 

•01415 

025 

-00350 

006 

•33452  291 

19°  20' 

•17033 

150 

•08456 

073 

•01440 

025! 

-00357 

006 

•33743 

291 

19°  30' 

•17183 

150 

•08529 

073 

•01465 

025; 

■00363 

006 

•34034 

291 

19°  40' 

•17333 

150 

•08602 

073 

•01491 

025 

•00369 

006 

•34325 

291 

19°  50' 

•17483 

150 

•08676 

073 

•01517 

026 

•00375 

006 

•34616 

291 

20°  00' 

•17633 

150 

■08749 

073 

•01543 

026 

•00382 

006 

•34907 

291 

20°  10' 

•17783 

150 

•08822 

073 

•01569 

026[ 

•00388 

006 

-35197 

291 

20°  20' 

•17933 

150 

•08895 

073 

•01595 

026 

•00395 

006 

-35488 

291 

20°  30' 

•18083 

150 

•08969 

073 

•01622 

O27I 

•00401 

006 

-35779 

291 

20°  40' 

•18233 

150 

•09042 

073 

•01649 

027, 

•00408 

006 

•36070 

291 

20°  50' 

•18383 

150 

•09116 

073 

•01676 

027 

•00414 

006 

•36361 

291 

21°  00' 

•18534 

150 

•09189 

073 

•01703 

027' 

-00421 

007 

•36652 

291 

21°  10' 

•18684 

150 

•09262 

073 

•01730 

027! 

-00428 

007 

•36942 

291 

21°  20' 

•18835 

151 

•09335 

073 

•01758 

028 

-00435 

007 

-37234 

291 

21°  30' 

•18985 

151 

•09409 

073 

•01786 

028 

■00441 

007 

-37524 

291 

21°  40' 

•19136 

151 

•09482 

073 

-01814 

028, 

-00448 

007 

-37815 

291 

21°  50' 

•19287 

151 

•09556 

073 

•01843 

029' 

-00455 

007 

•38106 

291 

22°  00' 

•19438 

151 

•09629 

073 

•01872 

029 

-004621 

107 

•38397 

291 

22°  10' 

•19589 

151 

•09703 

073 

•01900 

029 

-00469, 

:)07 

•38688 

291 

22°  20' 

•19740 

151 

•09776 

073 

•01930 

029 

-00477 

007 

-38979 

291 

22°  30' 

•19891 

151 

•09849 

073 

•(11959 

129 

■00483'007 

-39270 

291 

22°  40' 

•20042 

151 

•09922 

073 

•01989 

J  30 

■00491  007 

•39561 

291 

22°  50' 

•20194 

151 

•09996 

073 

•02018 

030 

■004981 

007 

■39852 

291 

23°  00' 

•20345 

152 

•10069 

073 

•02049 

030'  -00506' 

007 

•40143 

291 

23°  10' 

•20497 

152 

•10143 

073 

•02(179 

130    -OOSIS' 

•07 

•04433 

291 

23°  20' 

•20648 

152    •10216 

073 

•02 10  9  i 

130 

•00520 

107 

■40724 

291 

23°  30' 

•20800 

152i  ^10290 

073' 

•02140 

031 

•00527 

)07 

■41015 

291 

23°  40' 

•20952 

152 

•10363 

073 

•24171 

031 

•005351 

308 

•41306 

291 

23"  50' 

•21104 

152 

•10437 

073 

•02202 

0311 

•00543 

308 

•41597 

291 

243 


TABLE   1 

— {continued). 

Deflection 
Angle 
BAD. 

d 

(u  xi 

< 

0) 

o 

c 
a> 
u 

G 

i2W 

a 
Q 

•0 

0 

0 

c 

<u 
u 

it! 
5 

Sub- Secant — 
Rad.  FG. 

0 

Hi 

<L> 

!tl 

S 

1     ^ 

5d 

"5)Q 

m 

Q 

(a)    , 
24°  00' 

(b) 
•21256 

152 

(c)     I 
•10510  074 

(d) 
•02234 

032 

(e)     i 
•00551,008 

ii) 
•41888 

291 

24°  10' 

•21408 

152 

•10584  074 

•02266 

032 

•00558008 

•42179 

291 

24°  20' 

•21560 

152 

•10657  074 

•02298 

032 

•00566,008'!  -42470 

291 

24°  30' 

•21712 

152 

•10731  074 

•02330 

032 

•005741008  !  ^42761 

291 

24°  40'i 

•21864 

152 

•10805 

074 

•02362 

032 

•00582  008 

•43051 

291 

24°  50' 

•22017 

152 

•10878 

074 

•02395 

033 

•00589  008 

•43342 

291 

25°  00' 

•22169 

153 

•10952'074, 

•02428 

033 

•00598008 

•43633 

291 

25°  10' 

•22322 

153 

•11026074 

•02461 

033 

•00605|008 

•43924 

291 

25°  20' 

•22475 

153 

•11099  074 

•02494 

033 

•00614,008 

•44215 

291 

25°  30'l 

•22627 

153 

•11173  074' 

•02528 

034 

•00622^008 

•44506 

291 

25°  40' 

•22780 

153 

•11246'074 

•02562 

034 

•00630 

008 

•44797 

291 

25°  50' 

•22933 

153 

•11320074 

•02596 

034 

•00638 

008 

•45088 

291 

26°  00' 

•23087 

153 

•II393I074' 

•02630 

034 

•00647 

008 

•45379 

291 

26°  10' 

•232401153 

•11467  0741 

•02665 

035 

•00655 

008 

•45669 

291 

26°  20' 

•23393  153 

•11541 

074 

•02700 

035 

•00664 

009 

•45960 

291 

26°  30' 

■23547 

153 

•11615 

074 

•02735 

035 

•00672 

009 

•46251 

291 

26°  40' 

•23700 

153 

•11688 

074 

•02770 

035 

-00681 

009 

•46542 

291 

26°  50': 

•23854 

154 

•11762 

074 

•02806 

036 

-00689 

009 

•46833 

291 

27°  00' 

•24008 

154 

•11836 

074i  ^02841 

036 

•00698 

009 

•47124 

291 

27°  10' 

•24162 

154 

•119ln 

074  ■  -02877 

036 

•00706 

009  :  ^47415 

291 

27°  20' 

•24316 

154 

•11983 

074  i  -02914 

036 

-00715 

009    •47706 

291 

27°  30' 

•24470 

154 

•12057 

074  ;  -02950 

036 

-00724 

009 

•47997 

291 

27°  40' 

•24624 

154 

•12131 

074 

•02987 

037 

-00733 

009 

•48287 

291 

27°  50' 

•24778 

154 

•12205 

074 

•03024 

037 

•00742 

009 

•48578 

291 

28°  00' 

■24933 

154 

•12278 

074'; 

•03061 

037^ 

•00751 

009 

•48869 

291 

28°  10' 

•25087 

154 

•12352|074j 

•03099 

037 

•00760 

009 

•49160 

291 

28°  20' 

•25242 

155 

•12426|074 

•03137 

038 

•00769 

009 

•49451 

291 

28°  30' 

•25397 

155 

•12500 

074 

•03174 

038 

•00778 

009 

•49742 

291 

28°  40' 

•25552 

155 

•12574 

074 

•03213 

038 

•00787 

009 

•50033 

291 

28°  50' 

•25707 

155 

•12648 

074 

•03251 

038 

•00796 

009 

•50324 

291 

29°  00' 

•25862 

155 

•12722 

074 

•03290 

0391 

•00806 

009 

•50615 

291 

29°  10' 

•26017 

155 

•12796 

074 

•03329 

039I 

•00815 

009 

•50905 

291 

29°  20' 

■26172 

155 

•12869 

074 

•03368 

039 

•00825 

009 

•51196 

291 

29°  30' 

•26328 

155 

•12943 

074 

•03408 

039 

•00834 

009 

•51487 

291 

29°  40' 

•26483 

155 

•13017 

074 

•03447 

040 

•00844 

009 

•51778 

291 

29°  50' 

•26639 

156 

•13091 

074 

•03487 

040 

•00853 

009 

•52069 

291 

244 


TABLE  1— {continued). 


o 

<0T3 
C    CO 

< 


«  re 


o 

(U 
C/5 


Q 


to  .2 


5u 


(b)  I 
•26795,156 
•26951  156 
•27107  156 
•27263  156 


•27419 
•27576 

•27732 
•27889 
•28046 
•28203 
•28360 
•28517 

•28674 
•28832 
•28990 
•29147 
•29305 
•294631158 

•29621  158 


156 
156 

156 
157 
157 
157 
157 
157 

157 
157 
158 
158 
158 


•29780 
•29938 
•30096 
•30255 
•30414 

•30573 
•30732 
•30891 
•31051 
•31210 
•31370 

•31530 
•31690 
•31850 
•32010 
•32171 
•32331 


158 
158 
158 
159| 
159 

159 
159 
159 
159 
159 
160 

160 
160 
160 
160 
160 
160 


(c) 
•13165 
•13239 
•13313 
•13387 
•13461 
•13535 

•13609 
•13684 
■13757 
•13832 
•13906 
■13980 


074 
074 
074 
074 
074 
074, 


040 
040 


(d) 
•03528 
•03568 
•03609J041 
•03650  041 
•03691  041 
•03732  041 


(e)     : 
•00863  010 
•00873,010 

•(10882010 
•00892  010 
•0O9O2'0lO 
•00912010 


0741  •03774  042  I  ^00922  010! 

074    •03816l042n  •00932010 
074,  •03858|042  '  •00942  010 


074,,  ^03901 

074] I  ^03944 
0741 !  ^03987 


•14054  074 
■14128074 
14202  074 


•14277 
•14351 
•14425 

•14499 
•14574 
•14648 
•14722 
•14796 
■14871 


•14945  074 


074 
074 
074 

074 
074 
074 
074 
074 
074 


•15019 
•15094 
•15168 
•15243 
•15317 

■15391 
•15466 
•15540 
15616 
15689 
15764 


074 
074 
074 
074 
074 

074 
074 
074 
074 
074 
074 


043 
043 
043 

043 
043 
044 
044 
044 
•04250  045 


•04030 
•04073 
•04117 
•04161 
•04205 


•04295 
•04340 
•04385 
•04431 

•04477 
•04523 

•04569 
•04616 
•04663 
•04710 
•04757 
•04805 


•04853 
•04901 
•04950 
■04998 
■05047 
■05097 


045 
045 
045 
046 
046 
046 

046 
047 
047 
047 
047 
048 


■00952  010 
•009621010 
•OO972IOIO 


010 
010 
010 
010 
010 


048 
048 
048 
»48, 
049 
049 


•00983 
•00993 
•01003 
•01014 
•01024 
•01035  010 

•01046  010 
•01056,010 
•01067  011 
•(!  1078,0 11 
•01089,011 
•OllOOJOll 

•oiiiiioii 

•01121|011 
•01133011 
•01144i011 
•011551011 
•OII661OII 

•OII77I0II 
•01189:011 
•01200  011 
■01211  Oil 
■01223  011 
■01234  011 


•54105|291 
•54396  291 
•54687  291 
•54978  291 
•55269  291 
•555601291 

•55851 '291 
•56141  291 
•56432  291 
•567231291 
•570141291 
•573051291 

•575961291 
•57887i291 
•58178291 
•58468  291 
•58759|291 
•590  50 1 291 

•593411291 
•59632  291 
•59923291 
•60214  291 
•60505  291 
•60796|291 

•610871291 
■61377291 
■61668291 
•619591291 
•62250  291 
62541  291 


245 


TABLE   I— {continued) 


d 

tn  ^ 

i 

C 

1 

<L'T3 

bcc 

u 

i 

C  cs 

1      rt 

!t! 

'    HQ 

Q 

1 

< 

1 

Cr.Q 


33298  161 

33459  161 
33621  162 
33783  162 
33945  162 


(b) 

32492 
32653 
32814 
32975 
33136 


161 
161 
161 
161 
161 


34108 
34270 


162 
162 


34433  163 
34595  163 
34758  163 
34921  163 
35085,163 
35248  163 

35412 164 
35576,164 
35739il64 
35904!  164 
36068.164 
36232  164 

363971165 
36562!  165 


36727 
36892 
37057 
37233 


165 
165 
165 
165 


37388  166 
37554  166 
37720 j  166 
37887  166 
38(153  166 
382201 1661 


(c) 
15838 
15913 
15987 
16062 
16137 
16211 


TJ 

Ir.- 

c8 

0 

c 

Pi     . 

0 

c 

%^ 

d 

«> 

1  Ui 

<u 

S 

<u 

<u 

^< 

01 
St 

5 

0 

Q 

Q 

074| 
0751 
075! 
075' 
075: 
075! 


16286075i 
16361 '075 
16435:075 
16510:075 


16585 
16659 


075, 
075 


16734  075 
16809  075 
16884  075 
16959  075 
17033:075 
17108;075 

I 
17183075 
17258  075 
17333  075 
17408  075 
17483  075 
17558,075 

17633075 
17708  075 
17783075 
17858075 
17933  075 
18')08:075 

t 
18038  075 
18158  075 
18233  075 
183(»8  075 
18383  075 
18459,075 


(d)  I 
•05146049 
•05196050 
•05246050 
•05296|050 
•05347051 
•05398  051 


c 


051 
052 
052' 


•05449 
•05501 
■05552 

•05604:052 
•05657  |052J 
•05709052 

•0576210531 
•05815i053| 


•05868 
•05922 
•05976 
•06030 


053 
054 
054 
054 


055 

055 
055 


•06085 

•06139 

•06195 

•0625O'o55 

•06305  055| 

•0636l|056 

•06418056 
•06474:056 
•06531:057 
•06588,057 
•06645057 
•06703  058 

•06761  |o58 
•06819058 
•06878059 
•06936(t59 
•06995059 
•070551059 


(e) 
•01246 
•01258 
•01270 
•01281 
•01294 
•01305 


012 
012 
012 
012 
012 
012 


•013170121 
•01329012 
•013421012' 
•01353012, 
•01366012 
•01378  012 


•01390  012 
•01402|012 
•014151012 
•01427*012 
•01440  012 
•01452012 

•01465  013 
•01478013 


•01491 
•01503 
•01517 
•01529 

•01543 
•01555 
•01569 
•01582 
•01595 
•01609 

•01622 
•01635 
•01649 
•01662 
•01676 
•01690 


013 
013 
013 
013 

)13 
013 
013 
013 
013 
013 

013 
013 
013 
013 
014 
014 


(f) 
•62832 
•63123 
•63414 


291 
291 
291 


•63705  291 


•63995 
•64286 

•64577 
•64868 
•65159 
•65450 
•65741 
•66032 


•66323  : 
•66613: 
■66904  : 
•67195 
•67486  291 
•677771291 


291 
291 

291 
291 
291 
291 
291 
291 


291 
291 
291 
291 


•68068291 
•68359  291 
•68650  291 


•68941 
•69231 


291 
291 


■69522  291 

•69813  291 

•70104  291 
•70395J291 
•706861291 
•70977291 
•71268  291 

•71558291 
•71849291 
•72140  j  291 
•72431  291 
•72722291 
•730131291 
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^< 


tc 


(b) 

•38386  167 
•38553  167 
•38720  167 
•38888  167 


•39055 
•39233 

•39391 
•39559 
•39727 
•39896 
•40065 
•40233 

•40403 
•40572 
•40741 
•40911 
•41081 
•41251 


167 

168 

! 

168 
168 
168 
168 
169 
169 

169 
169 
169 
170 
170 
170 


C/}Q 


-a 
a 

Iw 

o 
a> 

CO 


•41421  170 
•41592  170 
•41762  170 
•41933  171 
•42105,171 
•42276  171 

•42447 171 
•42619,172 
•42791  172 
•42963  172 
•43136  172 
•43308  172 


•43841 
•43654 
•43827 
•44001 
•44175 


173 
173 
173 
173 
174 


•44349174 


(c)  I 
18534075 
18609075 
18684075 
18760  075 
18835  075 
18910  075 


18985 
19061 
19136 
19212 
19287 
19362 


075 
075 
075 
075 
075 
075 


075 
075 
075 


19438 

19513 

19589 

19664|075 

19740|075 

19815  075 

19891  076 
19967  076 
20042  076 
20118;076 
201941076 
20269076 

20345j076 
20421  076 
20497i076 
20572  076 


20648 
20724 


076 
076 


20800  076 
20876  076 
20952076 
21027076 
21104  076 
21179  076 


060 
060 
060 


V     • 


(d) 
■07114 
•07174 
■07235 
■07295060 
•07356 1061 
•07417061 

•07479061 
■07540  061 
■07602062 
•07665  062 
•07727  062 
•07799  063 

•07853  063 
•07917064 
•0798r064 
•08045  064 


(e)     I 
•01703014 


•01717 
•01730 
•01745 
•01758 
•01772 


•08109 
•08174 


064 
065 


•08239  065 
•08304  065 
•08370  066! 
•08436  066, 
•08502  066 
•08569  0671 

•08636  067> 
•08703  067 
•08771  068' 
•08839  068 
•08907  068 
•08975:068 

•09044:069 
•09113069 
•09183:069 
•09252  070 
•09322  070 
•09393070 


•01786 

•01800 

•01814 

•01829 

•01843014 

•01857  014 


014 
014 
014 
014 
014 


014 
014 

014 
014 


•01872 
•01886 
■01900 
•01915 
•01930 
•01944 


01 

014 

014 

015 

015 

015 


•01959  015 
•01974015 
•01989  015 


•02004 
•02018 
•02033 


015 
015 
015 


•02049|015 
•02064:015 
•02079|015 
•020941015 
•02109  015 
•02125  015 


•02140 

•02156 

•02171 

•02187 

•022O2O16 

•O22I81OI6 


015 
016 
016 
016 


•83485  291 
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TABLE    1 — [continued). 


d 

'   ^w' 

TJ* 

io 

> 
i-i 

C3 

<u 

'        C  r 

a) 

OJ 

<u 

(U 

^,< 

o 

o 

u 
o 

is 

o 

O 

<u 
u 

o 

HQ 

s 

•^^ 

Q 

o 

Q 

-9  « 

5 

scQ 

<: 

C/2Q 

Ui 

•44523  174 
•44697  174 


44872 

1751 

45047 

175| 

45222 

175 

45397 

175i 

45573 

176; 

45748 

176 

45924 

176! 

46101 

176! 

46277 

176 

46454 

177 

46631 

177 

46808 

177 

46985 

177 

47163 

178 

47341 

178 

47519 

178 

•47697  178 
•47876  179 
•48055  179 
•48234  179 
•48414  179,, 
•48593  179; 

•48773  180  m 
•48953  180 
•49134  180 
•49314  180 
•49495  181 
•49677  181 

•49858  181 
•50040  182 
•50222  182 
•50404  182 
•50587  183, 
•50769  183 


(c)  I  1 
•21256076! 
•21331  076' 
•21408076 
•21483076 
•2 1560  jo  76 
•21636l076 
] 

•217121076 
•21788076 
■21864076 
•21940;076 
•22017  076 
•220931076 


(d) 
•09464 
•09535 
•09606 
•09678 
•09750 
•09822 

•09895 
•09968 
•10041 
•10115 
•10189 
•10263 


•221691076 
•22245  076] 
•22322076; 
•22398(176 
•22475|076j 
•22551  076| 

•22628076' 
•22704  1 176 
•22781  077 
•22857  077' 
•22934,077, 
•23010  077 

•23O87I077! 
•23163077 
•23240 '077 
•23316J077 
•23393,077 
•234701077 

■23547  077 
•23623077 
•23700  077 


•23777 
•23854 
•23931 


077 
077 
077 


071 
071 
071 
072 
072 
072 

073 
073 
073: 
0741 
074 
074 


075 
075 


•10338 
•10413 

•10488  075 
■10564IO76! 
•106401076 
•107161076 

•10793'077! 
•10870|077 
•10947077 
•11025IO78! 
•11103  078 
•11181078: 

•11260  0791 
•11339  0791 
•11419,079! 
•11498  080 
•11579  080 
•11659  080 

•11740  081 
•11821081 
•11903  082 
•11985,082 
•120671082 
•121501083 


(e)  I 
•02234  016 
•02250 '0 16 
•02266  016 
•0228i:016 
•02298:016 
•02313,016 

•0233o!oi6 
•02346 '016 
•02362016 
•02378016 
•02395  016 
•02411016 

•02428  017 
•02444'017 
■02461  ;o  17 
•02477  017 
•02494  017 
•02511  017 

■O2528'oi7 
•02545  017 
■025620  17 
■02578,017 
■02596  017 
•02613  017 


•02630 
■02647 
■02665 
•02682 
•02700  017 
•02717  017 


017 
017 
017 
017 


•02735  018 
•02753  018 
•02770,018 
•02787018 
•02806  018 
•02824  018 


(f)  I 
83776'291 
84067  291 
84358j291 
84648;291 
84939  291 
85230 '291 

8552l[291 
858121291 
86103291 
86394  291 
86685  i291 
869761291 

87266  291 
87557  291 
87848  291 
88139  291 
88430 1291 
88721291 

89012291 
89303  291 
89594  291 
89884  291 
901751291 
90466  291 

90757  291 
91048!291 
91339  291 
9 1630  [291 
91921,291 
92212291 


92502 
92793 
93084 
93375 
93666 
93957 


291 
291 
291 
291 
291 
291 
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<    I 

(b) 
•50952  183 
•51136  184 
•51319  184 
•51503  184 
•51687  184 
•51872  185 

•52057  185 
•52242  185 
•52427  185 
•52612  185 
•52798  186 
•52984  186 

•53171  186 
•53358  187 


•53545 
•53732 
•53919 

•54107 


187 
187 
187 
188 


•54295  188 
•54484  188 
•54673  189 
•54862  189 
•55051  189 
•55241  190, 

•554311190 
•55621 1 190 1 
•55812  191; 


•56(103 
•56194 
•56385 


191 
191 
192 


•56577  192 
•56769  192 
•56962!  193 
•57155  193 
•57348,193 
•57541  193 


CO  £- 

-M  Ctf 


1i< 


C/} 


'J)  3 


(c) 

24008  077, 
24084;077| 
24162  077; 
24238,0771 
24316077 
24392:077! 

24470  077 
24546  077 
24624  077 
24701077 
24778077 
24855;077l 

24933077 
•25010  077 
25087  077 
25164  077 
•25242  077 
25319  077 

i 

25397:077 
•25474  0771 
25552  077 
25629  0771 
•25707,078 
25784078 

25862  078 
25939078 
260 17 '1 1 78 
26't94tt78 
26172,078! 
26250  078 
I 
26328  078 
26406:078 
26483  078 
26562  078, 
26639  078 
26717078 


(d) 

2233  083 
2316  083 
2400  084 
2484  084 
2568084 
2653  085 

2738  085 
2824  086 
2910  086 
2996  086 
3082  087 
3170  087 

32571087 
3345:088 
3433088 
35211088 
3610  0891 
3700  089  j 

3789  089 
3879,090 1 
3970  090 1 1 
4061  091  I 
4152;09l| 
4243j091  I 

4335,092, 
4428, 092| 
4520  n92' 
4614,(193' 


4707 
4801 


U93 
094 


4895  094 
499(1,095 
5085 1095 
5181  096 


5277 
5373 


096 
096 


(e)  I  I 
02841018 
02860  018 
(12877018 
02896  018 
02914  018 
02932  018 

02950  018! 
02969  018 


02987 
03006 
03024 
03043 

03061 
03080 
03099 
03118 
03137 
03156 


018 
018 
018 
018 

018 
019 
019 
019 
019 
019 


03174019 
03194  019 
03213  019  1 
03232  019  !l 


03251,019 
03271019 

03290  019 
03309  019 
03329  019 
03349 019 
03368  019, 
03388,020  j 

03408  (1 20  j 
03427  020 
03447  020 
03467  020 


03487 
03507 


020 
020 


00 
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TABLE  1 — {continued). 


i2W 


C/Dq 


64° 

00'  ' 

64° 

10' 

64° 

20' 

64° 

30' 

64° 

40' 

64° 

50' 

65° 

00' 

65" 

10'^ 

(b)     ,        il 
•57735  19411 


61° 

40' 

61° 

50' 

62° 

00' 

62° 

10' 

62° 

20' 

62° 

30' 

62° 

40' 

62° 

50' 

63° 

00' 

63° 

10' 

63° 

20' 

63° 

30' 

63° 

40' 

63° 

50' 

nnr\ 

•57929 
•58123 
•58318 
•58513 
•58709 

•58904 
•59100 
•59297 
•59494 
•59691 
•59888 


194 
194 
195, 
195 
195! 

196 
196 
196 
197 
197 
197 


(c) 
26795 
26873 
26951 
27029 
27107 
27185 


•27263 
•27342 
•27419 
•27498 
•27576  078 
•27654  078 


078 

078 
078 
078 
078 
078 


o 
U3 


078 
078 
078 
078 


•60086  198 
•60284  198 
•6(1483  199 
•60681  199 
•60881,199 
•61080  199 

I 
•61280  190 
•61480  190 
•61681  191 
•61882  191 
•620831 191 
•62285  192 

•62487  192 
•62689  192 
•62892  193 
•631195  193 
•63299,194, 
•63503194 

•63707194 
•63912  195 
•64117  195 
•64322  195 
■64528  196 
■64734|196|| 


•27732 
•27811 
•27889 
•27968 
•28046 
•28125 


078, 
078! 
0781 
0781 
078 
078 


078 
078 


•28203 
•28282 
•28360  ;078i 
•28439  079 
•28517079 
•28596079^ 

•28674  079 
•28753  079 
•28832  079 
•28911  079 
•28990  (179 
•29069079j 

•29147'079! 
•29226  079 
•293(15  079 
•29384  079 
•29463  079 
•29542|079:! 


(d) 
•15470 
•15567 


097 

097 


•156651098 


098 
098;| 
099!  I 

099 

100 
100 
100 
101 
101 

102 
102 
103 

103 


•15763 
•15861 
•15960 

•16059 
•16159 
•16259 
•16359 
•16460 
•16562 

•16663 
•16765 
•16868 
•16971 
•17074;  103 
•17178  104 

•17283  105 
•17387  105 
•17493  106 
•17598  106 
•17704  106 
•178111107 

•17918107 
•180251107 
•18133108 
•18241  108 
109, 
109| 


•18350 
•18459 


•18569  110 
•18679  110 
•18789  110 
•189(10  111 
•19012  111, 
•191241112 


(e)  !  i 
•03528  020' 
•03548  02O 
■03568  020 
•03588  020 
•03609  020. 
•03629,020 


•03650  020  1 
•03670  0  20  !,1 
•03691,021!  1 
•037111021  ;1 
•03732021  ;i 
•03753  021   1 

•0377402l|;l 
•03795  0211  1 
•03816!021  ,1 
•03837  021  jl 
•03858  021  II 
•03880  021' !1 


•03901021  il 
•03922021  !l 
•03944'021'  1 
•03965(»21  1 
•03987  021  ,1 
•040080211  1 


•04030 
•04051 
•04073 


022'  1 
022  1 
022  !l 


•04095  022   1 


•04117 
•04139 


022,  1 
022;il 

I 


•04161  022 
•04183(122 
•04205(122 
•04227:022 
•04250  022 
•04272|022i 


c 


(f)  i 
04720  291 
05011 '291 
05302  291 
05592  291 
058831291 
06174291 

06465  291 
06756  291 
07047291 
073381291 
07629  291 
07920  291 

08210;291 
08501  291 
08792291 
09083  291 
09374291 
09665  291 

09956|291 
10247291 
10538  291 
10828  291 
11119  291 
11410  291 

I 
11701  291 
11992  291 
12283  291 
12574  291 
12865  291 
13156291 

13446291 
13737291 
14028  291 
14319291 
14610|291 
14901:291 
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TABLE  1 — (continued). 


<u 

1    ^' 

42W 

73 

io 

TO 

(75.2 

0 

Pi     . 

0)* 

u 

c 

u 

a 

0) 

c3d 

^0 

6CC 
as 

«< 

HQ 

Q 

■^^ 

Q 

0 

Q 

Q 

bcQ 
c 

-< 

CflQ 

C/) 

^ 

(a)  , 

(b) 

66°  00 

•64941 

197 

•i 

66°  10' 

•65148 

197 

•i 

66°  20' 

•65355 

197 

•S 

66°  30' 

•65563 

198 

•i 

66°  40' 

•65771 

198 

66°  50' 

■65980 

199 

< 

67°  00' 

•66189 

199 

67°  10' 

•66398 

199 

•[ 

67°  20' 

•66608 

200 

67°  30' 

•66818 

200 

67°  40' 

•67028 

200 

67°  50' 

•67239 

201 

68°  00' 

•67451 

201 

68°  10' 

•67663 

202 

68°  20' 

•67875 

202 

68°  30' 

•68087 

202 

68°  40' 

•6830 1 

203 

68°  50' 

•68514 

203 

69°  00' 

•68728 

204 

69°  10' 

•68942 

204 

69°  20' 

•69157 

205 

69°  30' 

•69372 

205 

69°  40' 

•69588 

206 

69°  50' 

•69804 

206 

70°  00' 

•70021 

207 

(c)  I 
•29621 1079 
•29701079 
•29780079 
•29859079 
•29938079 
•30017  079 


•30096 
•30176 
•30255 
•20335 
•30414 
•30494 

•30573 
•30653 
•30732 
•30812 
•30891 
•30971 

•31051 
•31131 
•31210 
•31290 
•31370 
•31450 
•31530 


079 
079 
079 
079 
079 
079 

080 
080 
080 
080 
080 
080 

080 
080 
080 
080 
080 
080 
080 


(d) 

19236 
19349 
19462 
19576 
19690 
19805 

19920 
20036 
20152 
20269 
20386 
20504 

20622 
20740 
20859 
20979 
21099 
21220 

21341 
21462 
21584 
21707 
21830 
21953 
22077 


112 
113 
113 
114 
114 
115 

115| 
116 
116 
117 
117 
1181 

118; 
119 
119! 

120 
120 
121 

121 
122 
122 
123 
123 
123 
124 


,e)  j  I 
04295022 
04317i022| 
04340:022, 
04362  022 
04385|023 
04407  023 

0443l!o23 
044541023 
04477:023 
04500  023 
04523023 
04546J023 

045690231 
04593  023 
04616j023 
04639  023 
04663  023 
04686  023 

04710  024 
04734  024 
047571024 
04781024 
04805024 
04829024 
04853024 


15192  291 


15483 
15774 
16064 
16355 
16646 

16937 
17228 
17519 
17810 
18101 
18392 

18682 
18973 
19264 
19555 
198-:6 
20137 

20428 
20719 
21009 
21300 
21591 
21882 
22173 


291 
291 
291 
291 
291 

291 
291 
291 
291 
291 
291 

291 
291 
291 
291 
291 
291 

291 
291 
291 
291 
291 
291 
291 
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CALCULATION     OF     SWITCH     AND     CROSSING 
ANGLES. 

The  calculation  of  the  necessary  angles  and  distances 
for  crossing  work  is  now  largely  superseding  the  method 
of  setting  out  on  the  ground,  more  especially  where  the 
work  is  not  tied  up  by  existing  fittings,  etc.,  the  reason 
being  that  because  of  the  greater  accuracy  attained, 
standardization  of  fittings,   etc.,  is  much  simplified. 

In  considering  this  method  of  working  it  is  first  necessary 
to  decide  how  the  angles  of  the  crossings  are  to  be  measured. 
There  are  several  ways  of  doing  this  and  since  they  all 
give  slightly  varying  results  it  is  necessary  to  choose  one 
of  them  and  adhere  to  it. 

The  one  most  generally  used  is  that  known  as  the 
centre  method,  in  which  the  6"  openings  are  measured  at 
right  angles  to  the  centre  line  of  the  crossing,  while  the 
length  is  measured  along  the  centre  line  A  B  (see  Fig.  13). 
In  this  case  the  length  of  the  crossing  is  represented 
trigonometrically  by  ^  cot  ^  Q,  where  9  is  the  angle  in 
degrees,  etc. 

Another  method  sometimes  used  is  the  right-angle 
method,  in  which  the  6"  openings  are  measured  at  right- 
angles  to  the  main  line  rail  (Fig.  14) .  In  this  case  the  length 
of  the  crossing  =  cot  O.  where  9  is  the  angle  in  degrees,  etc. 

In  the  following  the  former  method  will  be  adopted. 

As  in  setting  out,  the  simple  case  of  a  turnout  from  the 
straight,  in  which  the  curve  is  tangential  to  the  main  line 
and  the  switches  are  placed  at  the  4^"  opening,  will  be  taken 
first.     Fig.   15. 

The  crossing  lead  will  be  AC=-\/  (2R — g)g  where  R 
is  the  radius  of  the  outer  lead  rail  and  g  the  gauge.  Also 
the  switch  lead  A  B=\/  (2R — d)d  where  d  =  4J"  opening 
=f  foot,  but  since  the  d  in  the  bracket  is  so  small  compared 
with  the  other  figures,  it  may  be  neglected,  and  if  we  insert 
the  remaining  d  in  figures  we  have  A  B=\/2Rxf  = 
V  f R.  Hence  we  have  the  lead  B  C=  VT2R— g)g  — 
\/  f  R.     Also  N  the  crossing  number  or  length  in  feet  will 

be   N=    ^/^ 
V  2g 

In  order  to  obtain  a  simple  formula  for  use  on  the  ground 
we  may  reduce  the  above  equation  to  constants. 

V'R'we  get   R  =  2gN2  and 
From   the  equation  N  =      /  „ — 

putting  this  in  the  equation  for  the  switch  lead  we  have 
AB  =  V|R  =  VPgN2  =  N\/l|?=2-66  N. 


.*\90° 
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Also   it    may   be   shown    that    the   crossing   lead=2gN 
=  9-42N 

Therefore    the    lead    BC  =  9-42N.— 2-46N  =6-76N. 

Main  Line  Curved. — Having  obtained  the  above  constant 
the  lead  for  a  curved  main  line  can  be  readily  found. 
It  may  be  proved  that  if  we  bisect  the  crossing  lead  for 
the  straight  main  line  A  C  in  x  and  with  x  as  centre  and 
Ax  as  radius  construct  a  circle,  so  long  as  the  crossing  angle 
is  constant,  its  intersection  will  always  lie  on  the  circum- 
ference of  the  circle,  no  matter  what  curve  is  given  to  the 
main  line.  It  will  therefore  be  sufficiently  accurate  to 
assume  that  the  lead  for  any  particular  angle  of  crossing 
will  be  the  same  as  for  the  straight  main  line,  viz.,  6-76N. 

It  is  now  only  necessary  to  calculate  the  value  of  N  for 
the  curved  main  line  in  order  to  find  the  lead. 

Let  r  =  radius  of  main  line, 
and  R  =  radiu5  of  turnout. 

Then  for  curves  of  similar  flexure  (Fig.  16) 

V       2g  (r— R)  BC  =6-76  N. 

For  curves  of  contrary  flexure  (Fig.  17) 
tR 
2g  (r  +  R)  B  C:=6-76N. 

If  it  is  required  to  find  the  radius  of  the  turnout  curve, 
this  may  be  done  as  follows  :  — 

Let    R    =   radius  of  main  line  rail. 

Ri  =    radius  of  turnout  from  straight  for  required 

angle  of  crossing, 
r     =   required  radius  of  turnout. 

RxRi 

For  curves  of  contrary  flexure     r   =    

R— Ri 

Rx  Ri 

For  curves  of  similar  flexure    r   = 

R  +  Ri 

The  foregoing  formulae  are  very  convenient  where  leads 
only  are  concerned,  but  where  other  and  more  complicated 
fittings  are  involved  it  will  be  found  more  convenient  to 
work  trigonometrically  as  follows.  Join  D  and  C  (Fig. 
15)  to  the  centre  for  the  circular  arc,  then,  since  O  C  is 
at  right  angles  to  D  C  (which  is  tangential  to  the  curve  at 
the  intersection  of  the  crossing)  and  O  A  is  at  right  angles 
to  the  main  line,  it  is  obvious  that  the  angle  A  O  C  is  cjual 
to  the  angle  at  the  intersection  of  the  crossing  9, 
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Now 2  =  cos  9  •  ■  •  9  in  degrees,  etc.,  may  be  found 

R  from  trigonometrical  tables. 

Crossing  lead  A  C  =  R  sin  9. 

Length  of  circular  rail  =  R  arc  9, 

Length  of  crossing  angle  in  feet  N=J  cot  i  9. 

These  may  be  worked  very  quickly  by  means  of 
logarithms,  but  great  accuracy  is  required,  since  the  angles 
are  very  small,  and  six  or  seven  figure  tables  should  be 
used. 

A  table  of  curves  and  leads  calculated  on  this  method 
will  be  found  on  page  269. 


Leads  with  Straight  Switches  and  Turnout  Curve  Tangen- 
tial at  Heel. — In  fast-running  passenger  junctions  in  which 
long  straight  switches  are  used,  the  leads  obtained  by  the 
above  methods  will  be  found  to  vary  by  several  feet  from 
those  in  which  the  curves  are  calculated  as  being  tangent 
to  the  heel  of  the  switches. 

For  single  leads  with  a  given  length  of  switch  and 
crossing  the  following  method  is  the  simplest.     Fig.  18. 

Let  0C  =  angle  of  switch  in  degrees,  etc. 
and  ^  =  angle  of  crossing  in  degrees. 
B  D  =  4'  Si"— 4 J"  =  4 -3333. 

Then  the  lead  B  C  =4-3333  X  cot  '^  +  P 

2 

Where  it  is  required  to  find  the  lead  for  a  given  radius 
tangential  to  the  heel  of  the  switch  the  following  method 
may  be  used.     (Fig.  19.) 

It  will  be  found  that  when  the  curve  is  tangential 
to  the  heel  of  a  straight  switch  it  probably  never  becomes 
tangential  to  the  main  line  rail  and  in  order  that  we  may 
calculate  the  crossing  angle  it  is  necessary  to  find  a  new 
gauge  with  an  imaginary  rail  to  which  the  curve  will 
become  tangential.  Fig.  18  represents  a  sketch  of  the 
switch,  X  Y  being  the  circular  arc  tangential  to  the  heel 
at  Z,  and  s  =  the  amount  the  main  line  rail  must  be  shifted 
in  order  that  the  curve  may  become  tangential.  Now 
s  =  4i"  less  V,  the  versed  sine  on  the  curve  for  the  length 
X  Z." 

.'.   s  =-375^R  vers  oc 

where  R  is  the  radius  of  the  outer  lead  rail  and  oc  the 
angle  of  the  switch  in  degrees,  etc. 

The  reduced  gauge  G  =  g — s  =  4-7083 — s. 

The  lead  and  crossing  angle  may  then  be  determined  as 
before  indicated,  using  G   as  the   gauge  in  place   of  g,  thus 
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R— G 

Angle  of  crossing  in  degrees  etc.     cos  C=  -n^ — crossing 

N  =  JcotiC(Fig.  20). 

Switch  lead  A  D  =  R  sin  oc  where  OC  =  angle  of  switch 
in  degrees. 

Crossing  lead  A^C^  R  sin  C. 
Length  of  curved  rail  R  x  arc  C. 
LeadDiC  =  AiC— AD. 

If  it  be  required  to  obtain  the  angles  of  the  further 
crossings  E,  F,  H  and  K,  it  is  necessary  to  repeat  the  opera- 
tion using  X  as  gauge  in  the  case  of  E  and  F  and  y  as 
gauge  in  the  case  of  H  and  K,  the  distance  F  E  being 
the  difference  between  the  crossing  leads  for  the  crossings 
E  and  F,  and  the  distance  E  C  the  difference  between  the 
circular  distance  A  C  and  the  circular  distance  A  E. 
R — g  must  be  used  as  radius  for  the  inner  rail. 

Where  the  leads  and  crossing  angles  are  required  for 
turnout  curve  tangential  to  the  heel  of  a  curved  switch 
they  may  be  found  in  the  same  way  as  for  straight  switches, 
using  as  the  switch  angle  the  angle  between  the  main  line 
rail  and  a  straight  line  tangential  at  the  heel  of  the  switch. 

In  calculating  leads,  etc.,  for  curved  main  line  with  turn- 
out curve  tangential  to  the  heel  of  the  switch  for  curves 
of  similar  flexure,  it  is  assumed  that  the  switches  are  made 
straight  and  afterwards  curved  to  the  radius  of  the  main 
line  rail,  so  that  the  switch  angle  remains  the  same  as  if 
it  were  straight. 


Similar  Flexure.     (Fig.  21.) 

Rr 

ShiftS=(^_j^j2n2 
Where  r    =   radius  of  main  line  (outer  rail). 

R=  radius  of  turnout  (outer  rail). 

n  =   angle  of  switch   expressed  in  same  way  as 
crossing  number,  thus   1   in  80. 

AD  =  2sn^. 
cos  G  _  y^S  [S — (r — R)]  from  which  9  =  crossing  angle 
2  ~  (r^g)  R  may  be  found. 

R4-    (r-R)-H(r-g) 
\\  here    S  =    2 

R  sin    e 
Switch    lead    AiC  =  r    arc    B    where    sin    B=    j. p — 


Lead  =  AiC— A  D. 
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For  curves  of  Contrary  Flexure  (Fig.  22)  the  switches 
are  left  straight  and  in  this  case 

Rr 


"~    (r+R)2n2 

Switch  lead  A  D  =  2  sn^ . 

cosx  ^   y/  S[(S— (r  +  R— g)] 
2  Rr 

[2(r  +  R)]— g 
where  S= -„ 

9    =   crossing  angle  180* — oc 

Crossing  head  AiC  =  r  arc  B 

where 

_  R  sin  ex: 


r+R  — g 
Lead  DiC  =  AiC— A  D. 

The  last  two  formulae  need  only  be  used  for  fast  running 
junctions  where  it  is  intended  to  string  line  the  curves 
on  the  job.  The  formulae  illustrated  by  Figs.  16  and  17 
are  quite  near  enough  for  ordinary  turnout  work. 

g 
The  length  of  diamond  side    A  B  =  rj — s~(see  Fig.  23) 

A  table  calculated  on  this  formula  will  be  found  on  page 
268.  For  curved  diamonds  in  which  both  roads  are  curved 
to  the  same  radius  and  in  the  same  direction  it  will  be 
sufficiently  accurate  to  assume  that  the  length  of  sides 
are  the  same  as  if  both  roads  were  straight. 

The  distance  between  two  crossings  on  a  crossov-er  road 

„       S — g  cos  oc 
A^=        slnx        (see  Fig.  24). 

In  some  offices  it  is  the  practice  when  dealing  with 
crossing  work  where  both  lines  are  curved  to  plot  diagrams 
by  means  of  offsets  from  a  straight  line  and  then  scaling 
the  distances  and  crossing  angles,  but  of  course  the  same 
accuracy  is  net  obtained  as  by  the  calculation  methods. 

When  ordering  crossing  work  it  is  usual  to  make  a 
diagram  to  a  scale  of  about  8  ft.  to  an  inch,  giving  the  radius 
of  curves,  angles  of  crossings  and  distances  between  inter- 
sections of  crossings  which  are  sent  to  the  crossing  shops, 
so  that  the  work  may  be  accurately  set  out  in  the  shops, 
while  another  copy  is  given  to  the  relaying  ganger  for  use 
on  the  ground. 
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TABLE   OF    DIAMOND   DISTANCES  FOR  4'  8^' 
GAUGE.     (Fig.  25.) 
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TABLE  FOR  FINDING  THE  RADIUS  OF  A  CURVE 
by  measuring  the  offset  from  a  chord  of  one  chain  in  length 
one  chain =66  feet. 


Offset 

Radius 

Offset 

Radius 

Offset 

Radius 

in 

in 

in 

in 

in 

in 

Inches. 

Chains. 

Inches. 

Chains. 

Inches. 

Chains. 

~^¥~ 

5 

H 

17 

1* 

70 

18,V 

5i 

5| 

18 

1^ 

75 

16^5- 

6 

5|- 

19 

lA 

80 

151 

n 

4it 

20 

ll^ 

90 

14A 

7 

4| 

22} 

1 

100 

13^ 

7J 

31 

25 

i 

110 

12tV 

8 

3| 

27} 

^ 

120 

lift 

8i 

3* 

30 

f 

130 

11 

9 

3A 

32} 

tt 

140 

10^ 

9J 

2il 

35" 

21 

32 

150 

9t 

10 

2^ 

37} 

t 

160 

9 

11 

2i 

40 

1' 

180 

8i 

12 

2:ar 

45 

200 

7t 

13 

2 

50 

* 

220 

7tV 

14 

1# 

55 

^i 

240 

61 

15 

lii 

60 

1 

260 

6^ 

16 

1^ 

65 

il 

280 

Difference  in  length  of  Inner  and 
Outer  Rail  in  Curves  (Frgnk  Reeves). 


Fig.  26. 
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DIFFERENCE  IN  LENGTH  OF  INNER  AND  OUTER 
RAIL  IN   CURVES   (Frank   Reeves). 

Fig.  26. 

9^   =   Central  angle  of  curve  in  degrees. 

G   =   Gauge  of  railway  (in  any  unit). 

D   =   Difference  in  length  (in  the  same  unit). 

^^^GTT 


THE      IMPROVEMENT      OF      EXISTING      CURVES 

Most  of  the  railways  in  Great  Britain  have  been  con- 
structed with  circular  curves. 

When  the  radius  is  large,  and  the  cant  eased  off  gently, 
the  circular  curve  seems  suitable  and  is  easily  set  out, 
but  with  high  speeds  in  the  interests  of  safety  and  comfort 
some  form  of  transition  curve  is  desirable. 

Much  of  this  improvement  work  is  going  on  just  now, 
and  probably  one  of  the  best  processes  to  be  adopted  is 
that  in  use  on  the  London  &  South  Western  Railway, 
devised  by  one  of  their  engineers,  Mr.  W.  H.  Shortt,  and 
described  by  him  in  Vol.  clxxvi.  of  the  Minutes  of  the 
Institution  of  Civil  Engineers. 

The  office  and  field  work  incidental  to  any  piece  of  such 
improvement  are  performed  in  six  stages,  viz.  : — 

(1)  Surveying   the   existing   curves   and   tangents,    noting 

all  fixed  points  which  might  be  likely  to  foul  the 
structure  gauge. 

(2)  Plotting  the  survey  to  a  distorted  scale  so  that  small 

variations  are  readily  detected. 

(3)  Drawing   of   improved    curves   on    tracing    paper   and 

fitting  them  over  the  survey,  to  ascertain  whether 
fixed  points  are  fouled  ;  and  then  drawing  them  on 
the  survey. 

(4)  Setting  out  the  new  curve  on  the  ground. 
(.S)   Checking  the  setting  out. 

(6)    Pulling  the  track  into  the  new  position. 

At  stage  (2)  convenient  scales  for  the  plotting  are 
ound  to  be — 

Lengths  along  the  base  line  .  .      40    ft.  to  an  inch 

Lengths  at  right  angles  to  the  base  line  4  ft.  to  an  inch 
.\11  radii..  ..  ..  ..   4  0   ft.  to  an  inch 

Since  "  If  a  given  circular  arc  be  plotted  with  the 
radius  struck  to  a  scale  of  a-b  feet  to  the  inch  and  the 
length  of  the  arc  marked  off  to  a  scale  of  a  foot  to  the 

a 
inch,    then    a   scale   of   -zr   feet  to  the  inch  must  be  used 

to  scale  off  the  true  distance  of  any  point  from  the  arc, 
provided  such  distance  be  small  compared  with  the  radius 
of  the  arc." 
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Much  has  been  written  on  the  question  of  the  correct 
form  of  curve  for  transition  purposes,  but  that  very  gener- 
ally adopted  is  that  portion  of  the  cubic  parabola  between 
the  origin  and  the  point  of  maximum  curvature 

From  the  equation  to  this  curve  the  offsets  are  calculated 
m  the  manner  described  on  page  235. 

Suitable  alignment  having  been  worked  up  in  the  office 
offsets  from  the  existing  curve  are  scaled  from  the  survey' 
These  are  pegged  out  on  the  site,  and  checked  there  before 
the  road  is  pulled  to  the  new  position. 

It  is  claimed  that  the  survey  of  a  simple  curve  may  be 
made  by  one  engineering  assistant  and  two  chainmen 
the  results  plotted,  and  the  improvement  decided  upon 
in  the  office  m  one  day,  pegged  out  and  checked  on  the 
second,  and  the  road  slued  to  the  new  position  on  the  third. 

ELECTRIC  EQUIPMENT  OF  RAILWAY 
TRACKS. 

In  these  notes  it  is  not  intended  to  go  into  the  question 
of  electric  track  equipment  from  the  electrician's  point 
of  view,  but  merely  to  describe  those  portions  which  are 
usually  in  the  maintenance  of  the  Perm.anent  Way  Dept 

The  system  most  generally  adopted  in  this  country  and 
Anierica  is  that  known  as  the  Continuous  Current  Third 
Rail  System,  in  which  the  electric  current  is  supplied  to 
an  insulated  rail  conductor,  at  about  rail  level,  at  a  pressure 
of  600  volts,  the  return  current  being  taken  either  on  the 
running  rails  or  on  a  fourth  rail  provided  for  the  purpose 

On  the  Central  London  Line,  for  example,  the  supply 
or  positive  rail  is  in  the  centre  of  the  four-foot,  and  the 
return  current  is  taken  on  the  running  rails,  but  on  the 
London  Electric  Co.'s  Tubes,  the  Metropolitan,  the 
District,  the  North- Eastern  and  other  systems  the  positive 
rail  is  outside  the  track  and  an  insulated  fourth  or  negative 
rail  IS  provided  in  the  centre  of  the  track  for  the  return 
current,  the  position  of  these  rails  being  as  indicated  in 
Fig.    1. 

The  insulated  negative  rail  is  now  compulsory  for 
railways  in  the  London  area,  to  prevent  leakage  of  current 
from  interfering  with  the  deHcate  apparatus  at  Greenwich 
Observatory. 

The  conductor  rails  are  carried  on  porcelain  insulators 
and  are  connected  by  cast-iron  joint  plates  and  copper 
bonds,  and  are  fixed  at  such  heights  that  the  collector 
shoes  clear  the  other  rails.  On  the  London  systems  the 
positive  rail  is  placed  3"  and  negative  rail  U"  above  the 
running    rails. 

There  is  some  difference  in  practice  in  regard  to  the 
section  of  conductor  rails  and  type  of  insulators  used 
On  the  Metropolitan,  District  and  the  North- Eastern 
Lines,    the   T   or  flange-section  rail   is  used  (see  Fig.  1), 
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and  as  this  form  is  top-heavy,  the  rails  have  to  be  firmly 
secured  to  the  insulators  by  clips,  thus  allowing  for  very 
little  elasticity  in  the  running  rails,  but  on  the  London 
Electric  Tube  Railways  and  the  Great  Western  "  City  " 
Lines,  the  insulators  are  free  to  move  up  and  down  with 
the  sleepers,  the  object  being  to  prevent  any  undue 
strain  upon  the  porcelain  portion. 

In  the  Tube  Railway  pattern  the  rails  are  of  a  solid 
rectangular  section  resting  directly  on  the  porcelain,  see 
Fig.  1,  which  also  shows  the  arrangements  of  the  joint 
plates  and  copper  bonds. 

In  the  Great  Western  pattern  a  channel  section  rail 
is  used,  and  the  insulator  has  a  cast-iron  head,  which  is 
fixed  in  the  porcelain  by  means  of  Portland  cement.  The 
patterns  of  insulator,  rail,  joint  plate  and  bonds  are  shown 
in  Fig.  2. 

It  is  usual  to  have  four  bonds  to  each  joint,  one  long  and 
one  short  on  each  side  of  the  rail,  and  these  are  made 
either  of  twisted  copper  wire  or  of  flat  laminations  with 
a  plug  at  each  end. 

Great  care  is  taken  in  bonding  rails  to  obtain  perfect 
contact. 

The  holes  in  the  rails  are  first  reamered  bright  and  the 
plug  is  then  inserted  and  pressed  with  a  hydraulic  machine, 
giving  a  pressure  of  about  3  )  tons  until  the  hole  is  com- 
pletely closed. 

The  connections  with  the  feeder  cables  are  brought  up 
through  special  insulators  and  connected  in  a  similar  way. 

Guard  boards  are  attached  to  the  positive  rails  at  places 
where  porters  and  others  are  likely  to  walk  about,  to 
prevent   them   from  getting  shocks. 

Where  crossing  work  occurs  it  is  necessary  to  break  the 
rails  as  shown  in  Fig.  2.  Where  these  breaks  occur  ramps 
are  made  at  the  ends  of  the  rails  and  cables,  known  as 
"  jumper  "  cables,  connect  the  ends  of  the  rails.  These 
cables  (shown  in  dotted  lines)  are  taken  down  through 
insulators  and  then  underground  in  the  same  way  as  the 
feeders.  The  ramps  for  main  lines  are  made  of  steel 
and  have  an  angle  ,of  about  1  in  5'*  for  facing  direction 
and  1  in  8  for  trailing  direction.  For  siding  work  cast- 
iron  ramps  are  used,  having  an  angle  of  about  1  in  8. 
Opposite  to  switches,  inclines  in  the  positive  rail  are  made, 
and  the  depression  is  sufficient  to  clear  the  collector  shoe 
to  prevent  it  travelling  across  the  rail,  and  sparking  at  the 
sides.  Wooden  bridging  pieces  are  used  over  the  locking 
mechanisms  at  facing  points.  Care  must  be  taken  to 
prevent  the  gaps  in  the  positive  rail  at  crossing  work 
being  longer  than  the  shortest  train,  so  that  the  collector 
shoe  at  otic  end  of  the  train  will  be  always  in  contact. 

The  conductor  rails  are  divided  up  into  sections,  which 
may  be  disconnected  as  required  when  a  fault  occurs,  or 
repairs  are  necessary. 
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Fig.  2. 


Contact  Wire 


Fig.  3. 
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Great  care  should  be  taken  by  permanent  way  men  to 
prevent  anythmg  from  touching  the  conductor  rails  and 
in  the  event  of  fire  to  extinguish  it  with  dry  sand  only 
Insulated  tools  only  should  be  used.  ' 

The  steel  for  conductor  rails  is  verv  soft,  and  in  order 
to  mcrease  its  conductivity  the  percentage  of  pure  iron 
IS  kept  as  high  as  possible  and  the  percentage  of  carbon 
and  manganese  very  low.  The  conductivity  should  be 
about  121%  of  the  standard  for  pure  copper,  and  the 
tensile  strength  22  to  28  tons  per  sq.  in. 

The  porcelain  for  insulators  should  be  of  a  very  dense 
fine  grain,  and  covered  with  a  glaze  which  is  impermeable 
to  water. 

The  insulators  for  a  600-volt  circuit  are  tested  to  2,000 
volts  alternating  current  for  five  minutes  after  twenty-four 
hours'   immersion  in   water, 

OVERHEAD  EQUIPMENT. 

This  type  of  equipment  has  recently  been  introduced  on 
the  London,  Brighton  and  South  Coast  Railway  In  this 
case  a  6,000  volt  single-phase  alternating  current' has  been 
adopted  with  overhead  wires  suspended  from  light  lattice 
girders  on  the  double  catenary  principle. 

This  type  of  construction  is  designed  to  keep  the  contact 
wire  as  near  as  possible  parallel  to  the  running  rails  and 
in  as  good  a  line  as  possible  in  order  to  prevent  the  collector 
bow  from  "  whipping." 

It  consists  of  two  twisted  galvanized  steel  wire  catenarv 
cables,  which  hang  in  their  natural  curve  and  from  which 
are  suspended  at  intervals  of  10  ft.  the  copper  contact  wire 
by  means  of  dropper  wires  linked  in  the  middle  With 
a  view  to  preventing  swaying  the  catenary  cables  are  also 
connected  by  wires,  which  are  always  of  such  length  as  to 
form  with  the  dropper  wires  an  equilateral  triangle. 

The  contact  wire  is  of  circular  section  I"  in  diameter, 
into  which  phosphor  bronze  clips  are  clamped  to  connect 
the  dropper  wires. 

Fig.  3  shows  the   method  of  suspension. 

The  insulators  are  of  the  corrugated  spool  type,  having 
a  steel  tube  inside  to  prevent  undue  strain  on  the  porcelain 
at  the  bearing  pin. 


The  many  problems  connected  with  Signalling  and 
Permanent  Way  Engineering  that  are  constantly 
arising  are  dealt  with  from  time  to  time  in  the  proceedings 
of  the  Institution  of  Railway  Signal  Engineers  and  Per- 
manent  Way   Institution   respectively 
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METRIC   MEASURES   WITH    BRITISH 
EQUIVALENTS. 


Square 

Metres  in  Square  Feet. 

in 

Sq.  Ft. 

Sq.  Ft. 

51 

Sq.  Ft. 

76 

Sq.  Ft. 

10.764 

26 

279-872 

548-979 

818.087 

2 

21.529 

27 

290.636 

52 

559-744 

77 

828.851 

3 

32.293 

28 

301.40 

53 

570.508 

78 

839.615 

4 

43-057 

29 

312.165 

54 

581.272 

79 

850.38 

5 

53.821 

30 

322.929 

55 

592-036 

80 

861.144 

6 

64.586 

31 

333-693 

56 

602.801 

81 

871.908  1 

7 

75.35 

32 

344.458 

57 

613.565 

82 

882.673 

8 

86.114 

33 

355-222 

58 

624.329 

83 

893-437 

9 

96.879 

34 

365-986 

59 

635-094 

84 

904.201 

lO 

107.643 

35 

376.75 

60 

645.858 

85 

914.965 

ri 

118.407 

36 

387.515 

61 

656.622 

86 

925-73 

12 

129.172 

37 

398.279 

62 

667.387 

87 

936.494 

13 

139-936 

38 

409.043 

63 

678.151 

88 

947-258 

14 

150.7 

39 

419.808 

64 

688.915 

89 

958.023 

15 

161.464 

40 

430.572 

65 

699.679 

90 

968.787 

i6 

172.229 

41 

441.336 

66 

710.444 

91 

979-551 

17 

182.993 

42 

452.101 

67 

721.208 

92 

990.316 

i8 

193-757 

43 

462.865 

68 

731.972 

93 

1001.08 

19 

204.522 

44 

473-629 

69 

742.737 

94 

1011.844 

20 

215.286 

45 

484.393 

70 

753.501 

95 

1022.608 

21 

226.05 

46 

495.158 

71 

764.265 

96 

1033-373 

22 

236.815 

47 

505.922 

72 

775.03 

97 

1044.137 

23 

247-579 

48 

516.686 

73 

785.794 

98 

1054.901 

24 

258.343 

49 

527.451 

74 

796.558 

99 

1065.666 

25 

269.107 

50 

538.215 

75 

807.322 

IOC 

1  1076.43 
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BRITISH    MEASURES   WITH   METRIC 
EQUIVALENTS. 


Square  Feet  in 

Square  Metres. 

Sq. 

Metres. 

n't; 
26 

Sq. 

Metres. 

51 

Sq. 

Metres. 

4 

76 

Sq. 

Metres. 

I 

.0929 

2.4154 

4-7379 

7.0604 

2 

.1858 

27 

2.5083 

52 

4.8308 

77 

7.1533 

3 

.2787 

28 

2.6012 

53 

4-9237 

78 

7.2462 

4 

•  3716 

29 

2.6941 

-'4 

5.0166 

79 

7.3391 

5 

.4645 

30 

2.787 

55 

5.1095 

80 

7.432 

6 

•5574 

31 

2.8799 

56 

5.2024 

81 

7.5249 

7 

.6503 

32 

2.9728 

57 

5.2953 

82 

7.6178 

8 

•7432 

33 

3-0657 

58 

5.3882 

83 

7.7107 

9 

.8361 

31 

3-1586 

59 

5.4811 

84 

7.8036 

10 

.929 

35 

3-2515 

60 

5-574 

85 

7.8965 

II 

1. 0219 

36 

3-3444 

61 

5.6669 

86 

7.9894 

12 

1.1148 

37 

3-4373 

62 

5-7598 

87 

8.0823 

13 

1.2077 

38 

3-5302 

63 

5-8527 

88 

8.1752 

14 

1.3006 

39 

3.6231 

64 

5-9456 

89 

8.2681 

15 

1-393 S 

40 

3.716 

65 

6-0385 

90 

8.361 

16 

1.4864 

41 

3.8089 

66 

6.1314 

91 

8.4539 

17 

1-3793 

42 

3.9018 

67 

6.2243 

92 

8.5468 

18 

1.6722 

43 

3-9947 

68 

6.3172 

93 

8.6397 

19 

r.7651 

44 

4.0876 

69 

6.4101 

94 

8.7326 

20 

1.858 

45 

4.1805 

70 

6.503 

95 

8.8255 

21 

1.9509 

46 

4.2734 

71 

6.5959 

96 

8.9184 

22 

2.0438 

47 

43663 

72 

6.6888 

97 

9.0113 

23 

2.1367 

48 

4-4592 

73 

6.7817 

98 

9.1042 

24 

2.2296 

49 

4.5521 

74 

6.8746 

99 

9.1971 

25 

2.3225 

50 

4.645 

75 

6.9675 

100 

9.29 
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METRIC    MEASURES   WITH    BRITISH 
EQUIVALENTS. 


Metres  in  Feet. 

I 

Feet. 

5 
26 

Feet. 

5 

Feet. 

5 
76 

Feet. 

2493483 

3.2809 

85-3034 

51 

167.3258 

2 

6.5618 

27 

88.5843 

52 

170.6067 

77 

252.6292 

3 

9.8427 

28 

91.8652 

53 

173.8876 

78 

255.9101 

'  4 

131236 

29 

95.1461 

54 

177.1685 

79 

259.191 

5 

16.4045 

30 

98.427 

55 

180.4494 

80 

262.4719 

6 

19.6854 

31 

101.7079 

56 

183.7303 

81 

265.7528 

7 

22.9663 

32 

104.98S8 

57 

187.0112 

82 

269.0337 

8 

26.2472 

33 

108.2697 

58 

190.2921 

^3 

272.3146 

9 

29.5281 

34 

III. 5506 

59 

193.573 

84 

275.5955 

lO 

32.809 

35 

114.8315 

60 

196.8539  1 

85 

278.8764  i 

" 

36.0899 

36 

1x8.1 124 

61 

200.1348 

86 

282.1573 

12 

39.3708 

37 

121.3933 

62 

203.4157 

87 

2S5.4382 

'3 

42.6517 

38 

124.6742 

63 

206.6966 

88 

288.7191 

M 

45-9326 

30 

127-9531 

6., 

209.9775 

89 

292. 

^5 

49-2135 

40 

131.236 

65 

213.2584 

90 

295.2809 

i6 

52.4944 

41 

134.5169 

66 

216.5393 

91 

298.5618 

17 

55.7753 

42 

137.7978 

67 

219.8202 

92 

301.8427 

i8 

59.0562 

43 

141.0787 

68 

223.1011 

93 

305.1236 

19 

62.3371 

44 

144.3596 

69 

226.382 

94 

308.4045 

1  20 

65.618 

45 

147.6405 

70 

229.6629 

95 

31 1.6854 

21 

68.8989 

46 

150.9214 

71 

232.9438 

96 

314.9663 

22 

72.1798 

47 

154.2023 

72 

236.2247 

97 

318.2472 

23 

75.4607 

48 

157.4832 

73 

239.5056 

98 

321.5281 

24 

78.7416 

49 

160.7641 

74 

242.7865 

99 

324.809 

25 

82.0225 

|50 

164.045 

75 

246.0674 

100 

328.0899 
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BRITISH    MEASURES   WITH   METRIC 
EQUIVALENTS. 


Feet  in  Metres. 

Metres. 

a, 

Metres. 

Metres. 

Metres. 

I 

.3048 

26 

7.9246 

51 

15.5445 

76 

23.1643 

2 

.6096 

27 

8.2294 

52 

15-8493 

7? 

23.4691 

3 

.9144 

28 

8.5342 

53 

16.1541 

78 

23.7739 

4 

1. 2192 

29 

8.8390 

54 

16.4589 

79 

24.0797 

5 

1.524 

30 

9.1438 

55 

16.7637 

80 

24.3835 

6 

1.8288 

31 

9  4486 

56 

17.0685 

81 

24.6883 

7 

2.1335 

32 

9-7534 

57 

17.3733 

82 

24.9931 

8 

2.4383 

33 

10.0582 

58 

17.6780 

83 

25.2979 

9 

2.7431 

34 

10.3630 

59 

17.9828 

84 

25.6027 

lO 

3-0479 

35 

10.6678 

60 

18.2876 

85 

25.9075 

II 

3.3527 

36 

10.9726 

61 

18.5924 

86 

26.2123 

12 

3.6575 

37 

11.2774 

62 

18.8972 

87 

26.5171 

13 

3.9623 

38 

11.5822 

63 

19.2020 

88 

26.8219 

14 

4.2671 

39 

11.8870 

64 

19.5068 

89 

27.1267 

15 

4-5719 

40 

12.1918 

65 

19.8116 

90 

27.4315 

i6 

4.8767 

41 

12.4966 

66 

20.1164 

91 

27.7363 

17 

5.1815 

42 

12.8013 

67 

20.4212 

92 

28.0410 

i8 

5.4863 

43 

13.1061 

68 

20.7260 

93 

28.3458 

19 

5. 79" 

44 

13.4109 

69 

21.0308 

94 

28.6506 

20 

6.0959 

45 

13.7157 

70 

21.3356 

95 

28.9554 

21 

6.4007 

46 

14.0205 

71 

21.6404 

96 

29.2602 

22 

6.7055 

47 

14.3253 

72 

21.9452 

97 

29.5650 

23 

7.0103 

48 

14.6301 

73 

22.2500 

98 

29.8108 

24 

7.3151 

49 

14.9349 

74 

22.5548 

99 

30.1746 

25 

7.6198 

50 

15.2397 

75 

22.8595 

100 

30.4794 
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METRIC    MEASURES   WITH    BRITISH 
EQUIVALENTS. 


Kilometres  in  Miles. 

6 

I 

Miles. 
0.621 

26 

Miles. 

S 
51 

Miles. 

s 
76 

Miles. 

16.156 

31.690 

47.225 

2 

1.243 

27 

16.777 

52 

32.312 

71 

47.846 

3 

1.864 

28 

17-399 

53 

32.933 

78 

48.468 

4 

2.485 

29 

18.02 

54 

33-554 

79 

49.089 

5 

3.107 

30 

18.641 

55 

34-176 

80 

49.710 

6 

3-728 

31 

19.263 

56 

34-797 

81 

50.332 

7 

4-350 

32 

19.884 

57 

35-419 

82 

50.953 

8 

4-971 

33 

20.505 

58 

36.040 

83 

51.574 

9 

5-592 

34 

21.127 

59 

36.661 

84 

52.196 

lO 

6.214 

35 

21.748 

60 

37.283 

85 

52.817 

II 

6.835 

36 

22.370 

6r 

37.904 

86 

53-439 

12 

7.457 

37 

22.991 

62 

38.525 

87 

54-06 

13 

8.078 

38 

23.612 

63 

39-M7 

88 

54-681 

14 

8.699 

39 

24.234 

64 

39-768 

89 

55-303 

15 

9.321 

40 

24-855 

65 

40.390 

90 

55-924 

i6 

9.942 

41 

25.477 

66 

41. on 

91 

56.545 

17 

10.563 

42 

26.098 

67 

41.632 

92 

57-167 

i8 

II. 185 

43 

26.719 

68 

42254 

93 

57-788 

19 

11. 806 

44 

27.341 

69 

42.875 

94 

58.410 

20 

12.428 

45 

27.962 

70 

43-497 

95 

59031 

21 

13.049 

46 

28.583 

71 

44.118 

96 

59-652 

22 

13.670 

47 

29.205 

72 

44-739 

97 

60.274 

23 

14.292 

48 

29.826 

73 

45-361 

98 

60.895 

24 

14.913 

49 

30.448 

74 

45-982 

99 

61.517 

25 

15.534 

50 

31.069 

75 

46.603 

100 

62.138 
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BRITISH    MEASURES   WITH    METRIC 
EQUIVALENTS. 


Miles  in  Kilometres. 

I 

Kilo- 
metres. 

1 
26 

Kilo- 
metres. 

1 
51 

Kilo- 
metres. 

u. 

1 
76 

Kilo- 

metiTs. 

1. 609321 

41.842346 

82.075371 

122.308396 

2 

3.218642 

27 

43.451667 

52 

83.684692 

77 

123.917717 

3 

4.827963 

28 

45.060988 

53 

85.294013 

78 

125.527038 

4 

6.437284 

29 

46.670309 

54 

86.903334 

79 

127.136359 

5 

8.046605 

30 

48.27963 

55 

88.512655 

80 

128.74568 

6 

! 

9-655926 

31 

49.888951 

56 

90.121976 

81 

130.355001 

7 

11.265247 

32 

51.498272 

57 

91.731297 

82 

131.964322 

8 

12.874568 

33 

53-107593 

58 

93.340618 

83 

133-575643 

9 

14.483889 

34 

54.716914 

59 

94.949939 

84 

133.182964 

lO 

16.09321 

35 

56.326235 

60 

96.55926 

85 

136.792285 

II 

17.702531 

36 

57.935556 

61 

98.168581 

86 

138.401606 

12 

19.311852 

37 

59.544877 

62 

99.777902 

87 

140.010927 

13 

20.921173 

38 

61.154198 

63 

101.387223 

88 

141.620248 

14 

22.530494 

39 

62.763519 

64 

102.996544 

89 

143.229569 

15 

24.139815 

40 

64.37284 

65 

104.605865 

90 

144.83889 

i6 

25.749136 

41 

65.982161 

66 

106.215186 

91 

146.448211 

17 

27.358457 

42 

67.591482 

67 

107.824507 

92 

148.057532 

i8 

28.967778 

43 

69.200803 

68 

109.433828 

93 

149.666853 

19 

30.577099 

44 

70.810124 

69 

III. 043149 

94 

151. 276174 

20 

32.18642 

45 

72.419445 

70 

112.65247 

95 

152.885495 

21 

33-795741 

46 

74.028766 

71 

114.261791 

96 

154.494816 

22 

35.405062 

47 

75.638087 

72 

115.871112 

97 

156.104137 

23 

37.014383 

48 

77.247408 

73 

117.480433 

98 

157.713158 

24 

38.623704 

49 

78.856729 

74 

119.089754 

99 

159-322779 

25 

40.233025 

50 

80.46605 

75 

120.699075 

100 

160.9321 
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METRIC    MEASURES    WITH    BRITISH 
EQUIVALENTS 


Kilogrammes  in  Pounds 

1  I 

Pounds. 

26 

Pounds 

^ 

Pounds. 

76 

Pounds. 

2.205 

57.320 

51 

112.435 

167.550 

2 

4.409 

27 

59.524 

52 

114.639 

77 

169.754 

3 

6.614 

28 

61.729 

53 

116.844 

78 

171.959 

4 

8.818 

29 

63.933 

54 

119.048 

79 

174.163 

!  5 

11.023 

30 

66.138 

55 

121.253 

80 

176.368 

6 

13.228 

31 

68.343 

56 

123.458 

81 

178.573 

7 

15.432 

32 

70.547 

57 

125.662 

82 

180.777  1 

8 

17.637 

33 

72.752 

58 

127.867 

83 

182.982 

9 

19.841 

34 

74.956 

59 

130.071 

84 

185.186 

ID 

22.046 

35 

77.161 

60 

132.276 

85 

187.391 

II 

24.251 

36 

79.366 

6t 

134.481 

86 

189.596 

12 

26.455 

37 

81.570 

62 

136.685 

87 

191.800 

13 

28.660 

38 

83.775 

63 

138.890 

88 

194.005 

r4 

30.864 

39 

85-979 

64 

141.09^ 

80 

196.209 

15 

33.069 

40 

88.184 

65 

143.299 

90 

198.414 

i6 

35.274 

41 

90.389 

66 

14.S504 

91 

200.619 

17 

37.478 

42 

92.593 

67 

147.708 

92 

202.823 

i8 

39.683 

43 

94.798 

68 

149.913 

93 

205.028 

i  ^^ 

41.887 

44 

97.002 

69 

152. 117 

94 

207.232 

i  20 

44.092 

45 

99.207 

70 

154.322 

95 

209.437 

21 

46.297 

46 

101.412 

71 

156.527 

96 

211.642 

22 

48.501 

47 

103.616 

72 

158.731 

97 

213.846 

23 

50.706 

48 

105.821 

73 

160.936 

98 

216.051 

24 

52.910 

49 

108.025 

74 

163.140 

99 

218.255 

25 

55.115 

50 

110.23 

75 

165.345 

100 

220.462 
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BRITISH    MEASURES   WITH   METRIC 
EQUIVALENTS. 


Pounds  in  Kilogrammes, 

i 

Kilo- 

i 

Kilo- 

i 

Kilo- 

01 

mio- 

J 

grammes. 

fi 

grammes. 

>-i 

grammes. 

■  J 

grammes. 

I 

•453593 

26 

II. 793418 

51 

23.133243 

76 

34.473068 

2 

.907186 

27 

12.247011 

52 

23.586836 

77 

34.926661 

3 

1.360779 

28 

12.700604 

53 

24.040429 

78 

35.380254 

4 

1. 814372 

29 

13.154197 

54 

24.494022 

79 

35.833847 

5 

2.267965 

30 

13.60779 

55 

24.947615 

80 

36.28744 

6 

2.721558 

31 

14.061383 

56 

25.481208 

81 

36.741033 

7 

3.175151 

32 

14.514976 

57 

25.854801 

82 

37.194626 

8 

3.628744 

33 

14.968569 

58 

26.308394 

83 

37.648219 

9 

4.082337 

34 

15.422162 

59 

26.761987 

84 

38.101812 

10 

4.53593 

35 

15.875755 

60 

27.21558 

85 

38.555405 

n 

4.989523 

36 

16.329348 

61 

27.669173 

86 

39.008998 

12 

5.443116 

37 

16.782941 

62 

28.122766 

87 

39.462591 

13 

5.896709 

38 

17.236534 

63 

28.576359 

88 

39.916184 

14 

6.350302 

39 

17.690127 

64 

29.029952 

89 

40.639771 

15 

6.803895 

40 

18.14372 

65 

29.483545 

90 

40.82337 

16 

7.257488 

41 

18.597313 

66 

29.937138 

91 

41.276963 

17 

7.711081 

42 

19.050906 

67 

30.390731 

92 

41.730556 

18 

8.164674 

43 

19.504499 

68 

30.844324 

93 

42.184149 

19 

8.618267 

44 

19.958092 

69 

31.297917 

94 

42.637742 

20 

9.07186 

45 

20.411685 

70 

31.75151 

95 

43.091335 

21 

9-525453 

46 

20.865278 

71 

32.205103 

96 

43.544928 

22 

9.979046 

47 

21.318871 

72 

32.658696 

97 

43.998521 

23 

10.432639 

48 

21.772464 

73 

33.112289 

98 

44.452114 

24 

10.886232 

49 

22.226057 

74 

33.565882 

99 

44.905707 

25 

11.339825 

50 

22.67965 

75 

34.01947s  100 

45.3593 
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METRIC   MEASURES   WITH    BRITISH 
EQUIVALENTS. 


LiTRSS 

IN  Imperial  Gallons. 

I 

Gallons. 

.22 

in 
26 

Gallons. 

in 

<v 
u 

51 

Gallons. 

76 

Gallons. 

5.72 

11.22 

16.73 

2 

.44 

27 

5-94 

52 

11.44 

77 

16.95 

3 

.66 

28 

6.16 

53 

11.67 

78 

17.17 

4 

.88 

29 

6.38 

54 

11.89 

79 

17-39 

5 

I.IO 

30 

6.60 

55 

12. II 

80 

17.61 

6 

1.32 

31 

6.82 

56 

12.33 

81 

17.85 

7 

1.54 

32 

7.04 

57 

12.55 

82 

18.05 

8 

1.76 

33 

7.26 

58 

12.77 

83 

18.27 

9 

1.98 

34 

7.4S 

59 

12.99 

84 

18.49 

lO 

2.20 

35 

7.70 

60 

13.21 

85 

18.71 

II 

2.42 

36 

7.92 

61 

13-43 

86 

18.93 

12 

2.64 

37 

8.14 

62 

13-65 

87 

19-15 

13 

2.86 

38 

8.36 

63 

13-87 

88 

19-37 

14 

3.08 

39 

8.58 

64 

14.09 

89 

19-59 

15 

3.30 

40 

8.80 

65 

14-31 

>   90 

19.81 

i6 

3.52 

41 

9.02 

66 

14-53 

91 

20.03 

17 

3-74 

42 

9.24 

67 

14-75 

92 

20.25 

i8 

396 

43 

9.46 

68 

14-97 

93 

20.47 

19 

4.18 

44 

9.68 

69 

15-19 

94 

20.69 

20 

4.40 

45 

9.90 

70 

15.41 

95 

20.91 

21 

4.62 

46 

10.12 

71 

15-63 

96 

21.13 

22 

4.84 

47 

10.34 

72 

15-85 

1 
97 

21.35 

23 

5.06 

48 

10.56 

73 

16.07 

'  98 

21.57 

24 

5.28 

49 

10.78 

74 

16.29 

'  99 

21.79 

25 

5.50 

50 

11.00 

75 

16.51 

100 

22. or 

286 


BRITISH    MEASURES   WITH    METRIC 
EQUIVALENTS. 


Imperial  Gallons  i 

N  Litres 

• 

Litres. 

IS 
0 

Litres. 

"? 
0 

Litres. 

3 

Litres. 

I 

4-543 

26 

II 8. 1 30 

51 

231.717 

76 1 

345-304 

2 

9.087 

27 

122.674 

52 

236.260 

77 

349-847 

3 

13-630 

28 

127.217 

53 

240.804 

78 1 

354-391 

4 

18.174 

29 

131.761 

54 

245.347 

79 

358.934 

5 

22.717 

30 

136.304 

55 

249.891 

80  i 

363-478 

6 

27.261 

31 

140.848 

56 

254-434 

81 

368.021 

7 

31.804 

32 

145-391 

57 

258.978 

82 

372.565 

8 

36-348 

33 

149-935 

58 

263.521 

83 

377-108 

9 

40.891 

34 

154-478 

59 

268.065 

84 

381.651 

lO 

45-435 

35 

159.021 

60 

272,608 

85  ! 

386.195 

II 

49.978 

36 

163.565 

61 

277-152 

86 

390.738 

12 

54-522 

37 

168.108 

62 

281.695 

87 

395.282 

13 

59-065 

38 

172.652 

63 

286.239 

88 

399.825 

14 

63.609 

39 

177-195 

64 

290.782 

89 

404.369 

15 

68.152 

40 

181.739 

65 

295.326 

90 

408.912 

i6 

72.696 

41 

186.282 

66 

299.869 

91 

413.456 

17 

77-239 

42 

190.826 

67 

304.412 

92 

417.999 

i8 

81.782 

43 

195.369 

68 

308.956 

93 

422.543 

19 

86.326 

44 

199.913 

69 

313-499 

94 

427.086 

20 

90.869 

45 

204.456 

70 

318.043 

95 

431.630 

21 

95.413 

46 

209.000 

71 

322.586 

96 

436.173 

22 

99.956 

47 

213-543 

72 

327.130 

97 

440.717 

23 

104.500 

48 

218.087 

73 

331-673 

98 

445.260 

24 

109.041 

49 

222.630 

74 

336.2:7 

99 

449-804 

25 

"I3.587 

50 

227-173 

75 

340.760 

lOD 

454-347 
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METRIC    MEASURES     WITH    BRITISH 
EQUIVALENTS. 


Kilogrammes  per  Square  Centimetre  in  Pounds 

PER    Square 

Inch. 

^1 

Lbs. 

per 
Sq.  In. 

1 

.  V 

I.bs. 

per 

Sq.  In. 

^.6 

I,bs. 

per 

Sq.  In. 

4 

Lb3. 

per 

Sq.  In. 

I. 

I.I 
1.3 

M.323 

15.645 
17.068 

3.6 

3-7 
3.8 

51-203 
52.625 
54-047 

6.3 
6-3 
64 

88.183 
89.605 
91.037 

8.8 
8.9 
9. 

135.163 
126.585 
128.007 

I.J 
1.4 

18.490 
19.913 

3-9 
4. 

55.470 
56.893 

6.5 

6.6 

92.450 
93.872 

9.1 
9.3 

129.429 

130.852 

1.5 
1.6 

21.335 
22.757 

4.1 
4.2 

58.314      6.7 
59.737      6.8 

95.294 
96.716 

9.3 
9.4 

132-374 
133.696 

1.7 

1.8 

24.179 
25.601 

4.3 
4.4 

61.159      6.9 
62.581      7. 

98.139 
99.561 

9.5 
9.6 

135. 119 
136.541 

1.9 

2. 

3.1 

27.024 
28.446 
29.868 

4.5 
4.6 
4.7 

64.004      7,1 
65.426      7.2 
67.848      7.3 

100.983 
102.406 
103.828 

9-7 
9.8 
9.9 

137.963 
139.385 
140.808 

2.3 

2.3 

31  291 
32.713 

4.8 
49 

68.270 
69.693 

7-4 
7-5 

105.251 
106.673 

10. 

lO.I 

142.230 
143.652 

2.4 

34.135 

5. 

71. 115 

76 

108.095 

10.2 

145.074 

2.5 
2.6 

35.558 
36.980 

5  I 
5.2 

72.537  '   7.7 
73.960  .   78 

109.517 
110.939 

10.3 
10.4 

146.497 
147.919 

2.7 

2.8 

2.9 

3- 

38.402 
39.824 
41.247 
42.669 

5.3 
5.4 
5.5 
5.6 

75.383 
76.804 
78.337 
79.649 

7.9 

8. 

8.1 

8.2 

112.362 

113.784 
115.206 
116.629 

10.5 
10.6 
10.7 
10.8 

149.34X 
150.764 
152.186 
153.608 

3.' 

44.091 

5.7 

81.071 

8.3 

1 18.051 

10.9 

155.030 

3.2 
3.3 
3.4 
J- 5 

45.514 
46.936 
48.358 
49.781 

5.8 
5.9 
6. 
6.1 

8i.493 
81.916 
85.338 
85.760 

,8.4 

'8.5 

86 

8.7 

"9-473 
120.896 
122.318 
123.740 

11. 

11. 1 

11. 2 
11.3 

156.453 
157.875 
159.297 
160.720 
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BRITISH  MEASURES  WITH  METRIC 
EQUIVALENTS. 


Pounds  Per  Square 

Inch 

IN  Kilogrammes 

Per  Square 

Centimetre. 

Kgs. 
per 

u 

Kgs. 
I)er 

Kgs. 
per 

i-i 

Kgs. 
per 

Square 
Centi- 

3« 

Square 
Centi- 

Square 
Centi- 

3« 

Square 
Centi- 

I 

metre. 
•0703 

metre. 

metre. 

metre. 

26 

1-828 

51 

3-5857 

76 

5-3434 

2 

.1406 

27 

1.8983 

52 

3.656 

77 

5.4138 

3 

.2109 

28 

1.9686 

53 

3-7263 

78 

5.4841 

4 

.2812 

29 

2.0389 

54 

3.7966 

79 

5.5544 

5 

.3515 

30 

2.1092 

55 

3.8669 

80 

5.6247 

6 

.4218 

31 

2-1795 

56 

3-9373 

81 

5.695 

7 

.4921 

32 

2.2498 

57 

4.0076 

82 

5.7653 

8 

.5624 

33 

2.3202 

58 

4.0779 

83 

5.8356 

9 

.6327 

34 

2.3905 

59 

4.1482 

84 

5.9059 

lO 

.70309 

35 

2.4608 

60 

4.2185 

85 

5.9762 

II 

•  7734 

36 

2. 53" 

61 

4.2888 

86 

6.0465 

12 

.8437 

37 

2.6014 

62 

4-3591 

87 

6.1168 

13 

.9140 

38 

2.6717 

63 

4.4294 

88 

6.1872 

14 

•9843 

39 

2.7420 

64 

4.4997 

89 

6.2575 

15 

1.0546 

40 

2.8123 

65 

4.5700 

90 

6.3278 

i6 

1.1249 

41 

2.8826 

66 

4.6404 

91 

6.3981 

17 

1. 1952 

42 

2.9529 

67 

4.7107 

92 

6.4684 

i8 

1.2655 

43 

3.0232 

68 

4.781 

93 

6.5387 

19 

1.3358 

44 

3.0936 

69 

4.8513 

94 

6.609 

30 

1.4062 

45 

3.1639 

70 

4.9216 

95 

6.6793 

21 

1.4765 

45 

3.2342 

71 

4.9919 

96 

6.7496 

22 

1.5468 

47 

3-3045 

72 

5.0622 

97 

6.8199 

23 

1.6171 

48 

3-3748 

73 

5-1325 

98 

6.8902 

24 

1.6874 

49 

3-4451 

74 

5.2028 

99 

6.9606 

25 

1.7577 

50 

3.5154 

75 

5.2731 

100 

7.0309 

28g 


RADII  OF  BOXWOOD  CURVES. 


Radius 

Feet  to 

an  Inch. 

in 

,.JU, 

»i. 

Chains. 

25BS 

505 

50 

40 

20 

33 

1 

•3 

1-6 

1-3 

1-6 

3-3 

2 

n 

•4 

2-4 

2 

0 

2-5 

4-9 

3 

2    - 

•6 

3-2 

2 

6 

33 

6-6 

4 

2i 

•8 

4-0 

3 

3 

41 

8-2 

5 

3 

•9 

4-8 

4 

0 

4-9 

9-9 

6 

3i 

11 

5-5 

4 

6 

5-8 

11-5 

7 

4 

1-3 

6-3 

5 

3 

6-6 

13-2 

8 

4J 

1-4 

7-1 

5 

9 

7-4 

14-8 

9 

5 

1-6 

7-9 

.   6 

6 

8-2 

16-5 

10 

5J 

1-7 

8-7 

7 

3 

9-0 

181 

11 

6 

1-9 

9-5 

7 

9 

9-9 

19-8 

12 

6J 

2-0 

10-2 

8 

6 

10-7 

21-4 

13 

7 

2-2 

111 

9 

2 

11-5 

231 

14 

7i 

2-4 

11-9 

9 

9 

12-3 

24-7 

15 

8 

2-5 

12-7 

10 

5 

13-2 

26-4 

16 

8J 

2-7 

13-5 

11 

2 

14-0 

28-0 

17 

9 

2-8 

14-3 

11 

9 

14-8 

29-7 

18 

9i 

3-0 

15  0 

12 

5 

15-7 

31-3 

19 

10 

3-2 

15-8 

13 

2 

16-5 

330 

20 

lOi 

3-3 

.    16-6 

13 

8 

17-3 

34-6 

21 

11 

3-5 

17-4 

14 

5 

181 

36-3 

22 

Hi 

3-6 

18-2 

15 

2 

19-0 

37-9 

23 

12 

3-8 

19-0 

15 

8 

19-8 

39-6 

24 

12i 

3-9 

19-8 

16 

5 

20-6 

41-2 

25 

13 

4-1 

20-6 

17 

2 

21-4 

42-9 

26 

13J 

4-2 

21-4 

17 

8 

22-3 

44-5 

27 

14 

4-4 

22-2 

18 

5 

23-1 

46-2 

28 

14J 

4-6 

23-0 

19 

1 

23-9 

47-8 

29 

15 

4-7 

23-8 

19 

8 

24-7 

49-5 

30 

15J 

4-9 

24-5 

20 

5 

25-6 

51-1 

31 

16 

5-0 

25-3 

21 

1 

26-4 

52-8 

32 

16i 

5-2 

26-1 

21 

8 

27-3 

54-4 

33 

17 

5-4 

26-9 

22 

4 

28-0 

56-1 

34 

17J 

5-5 

.    - 

27-7 

23 

1 

28-9 

57-7 

35 

ago 


RADII  OF  BOXWOOD  CURVES. 


Radius 
in 

25Vsn 

5oS 

Fe€ 

;t  to  an  I 

nch. 

Chains. 

50 

40 

20 

33 

18 

5-7 

28-5 

23-8 

29-7 

59-4 

36 

m 

5-8 

29-3 

24-4 

30-5 

61-0 

37 

19 

6-0 

30-1 

251 

31-3 

62-7 

38 

19J 

6-2 

30-9 

25-7 

32-2 

64-3 

39 

20 

6-3 

31-7 

26-4 

33-0 

66-0 

40 

20i 

6-5 

32-5 

271 

33-8 

67-7 

-       41 

21 

6-6 

33-3 

27-7 

34-6 

69-3 

42 

2U 

6-8 

341 

28-4 

35-4 

71-0 

43 

22 

6-9 

34-9 

291 

36-3 

72-6 

44 

22| 

7-1 

35-7 

29-7 

371 

74-3 

45 

23 

7-3 

36-5 

30-4 

37-9 

75-9 

46 

23i 

7-4 

37-2 

31-0 

38-8 

77-8 

47 

24 

7-6 

381 

31-6 

39-6 

79-2 

48 

24. V 

7-8 

38-8 

32-3 

40-4 

80-8 

49 

25 

7-9 

39-6 

33-0 

41-3 

82-5 

50 

25i 

81 

40-2 

33-6 

421 

841 

51 

26 

8-2 

41-3 

34-3 

42-9 

85-7 

52 

26  i 

8-4 

42  0 

35-0 

43-7 

87-4 

53 

27" 

8-5 

42-8 

35-6 

44-6 

89-2 

54 

27J 

8-7 

43-6 

36-3 

45-4 

90-7 

55 

28 

8-9 

44-4 

37-0 

46-3 

92-4 

56 

28J 

9-1 

45-2 

37-6 

47-0 

94-0 

57 

29 

9-2 

46  0 

38-2 

47-8 

95-7 

58 

29  J 

9-3 

46-8 

38-9 

48-7 

97-3 

59 

30 

9-5 

47-6 

39-5 

49-5 

99-0 

60 

30i 

9-6 

48-4 

40-3 

50-3 

100-7 

61 

31 

9-8 

49-1 

40-9 

51-2 

102-3 

62 

31i 

9-9 

49-9 

41-6 

52-0 

103-8 

63 

32 

10-0 

50-6 

42-4 

52-8 

105-5 

64 

32  J 

10-3 

51-5 

42-8 

53-6 

107-3 

65 

33 

10-4 

52-3 

43-6 

54-5 

108-9 

66 

33  J 

10-6 

53  1 

44-3 

55-3 

110-5 

67 

34' 

in-8 

53-9 

44-7 

56-2 

112-2 

68 

34J 

10-9 

54-6 

45-5 

56-9 

113-8 

69 

35 

111 

55-4 

46-2 

57-8 

115-5 

70 

35i 

11-2 

56-2 

46-8 

58-6 

117-2 

71 

36 

11-4 

57-0 

47-5 

59-4 

118-8 

72 

36J 

11-5 

57  8 

48-2 

60-2 

120-4 

73 

37 

11-7 

58-6 

48-8 

611 

122-0 

74 

37i 

11-9 

59-4 

49-5 

61-8 

123-7 

75 

38 

12-0 

60-2 

50-3 

62-7 

125-4 

76 

38J 

12-2 

61-0 

50-8 

63-5 

127-0 

77 

291 


RADII  OF  BOXWOOD  CURVES. 


Radius 

in 
Chains. 

2A0 

sio 

Feet  to  a 

n Inch, 

50 

40 

20 

33 

39 

12-3 

61-8 

51-4 

64-4 

128-6 

78 

39i 

12 

5 

62-6 

52 

2 

65 

2 

130 

3 

79 

40 

12 

7 

63-4 

52 

7 

66 

0 

131 

9 

80 

40i 

12 

8 

64-2 

53 

4 

66 

8 

133 

6 

81 

41 

12 

9 

65-0 

54 

2 

67 

6 

135 

3 

82 

41i 

13 

1 

65-8 

54 

7 

68 

5 

136 

9 

83 

42 

13 

3 

66-6 

55 

4 

69 

3 

138 

5 

84 

m 

13 

4 

67-4 

56 

2 

70 

2 

140 

2 

85 

43 

13 

6 

68-2 

56 

7 

70 

9 

141 

8 

86 

43J 

13 

8 

68-9 

57 

4 

71 

7 

143 

4 

87 

44 

13 

9 

69-7 

58 

1 

72 

6 

145 

2 

88 

44^ 

14 

1 

70-5 

58 

7 

73 

4 

146 

8 

89 

45 

14 

2 

71-4 

59 

4 

74 

3 

148 

5 

90 

45i 

14 

4 

72-2 

60 

0 

75 

1 

150 

1 

91 

46 

14 

6 

72-9 

60 

7 

75 

9 

151 

8 

92 

46  i 

14 

7 

73-7 

61 

4 

76 

7 

153 

3 

93 

47 

14 

9 

74-5 

62 

0 

77 

6 

155 

0 

94 

47i 

15 

0 

75-3 

62 

7 

78 

4 

156 

6 

95 

48 

15 

1 

761 

63 

4 

79 

2 

158 

2 

96 

48i 

15 

3 

76-8 

64 

0 

80 

T 

160 

0 

97 

49 

15 

5 

77-6 

64 

6 

80 

8 

161 

7 

98 

49i 

15 

6 

78-4 

65 

3 

81 

7 

163 

2 

99 

50 

15 

8 

79-2 

66 

0 

82 

5 

165 

0 

100 

50  J 

15 

9 

80-0 

66 

7 

83 

3 

166 

5 

101 

51 

16 

1 

80-8 

67 

3 

84 

3 

168 

2 

102 

52 

16 

4 

82-4 

68 

6 

85 

8 

171 

5 

104 

53 

16 

7 

84-0 

70 

0 

87 

5 

174 

8 

106 

54 

17 

0 

85-6 

71 

3 

89 

3 

178 

2 

108 

55 

17 

3 

87-2 

72 

6 

90 

7 

181 

5 

110 

56 

17 

7 

88-7 

73 

9 

92 

4 

184 

8 

112 

57 

18 

0 

90-3 

75 

2 

94 

0 

188 

0 

114 

58 

18 

3 

91-9 

76 

5 

95 

7 

191 

3 

116 

59 

18 

6 

93-5 

77 

8 

97 

3 

194 

5 

118 

60 

18 

9 

95-0 

79 

2 

99 

0 

198 

0 

120 

61 

19 

3 

96-7 

80 

4 

100 

7 

201 

2 

122 

62 

19 

6 

98-3 

81 

7 

102 

3 

204 

7 

124 

63 

19 

9 

99-8 

83 

1 

103 

9 

207 

9 

126 

64 

20 

2 

101-4 

84 

5 

105 

7 

211 

1 

128 

65 

20 

5 

103-0 

85 

7 

107 

2 

214 

5 

130 

66 

20 

8 

104-6 

87 

1 

108 

8 

217 

7 

132 

67 

21 

1 

106-2 

88 

4 

110 

6 

221 

0 

134 

68 

21-4 

107-8 

89-6 

112-2 

224-4 

136 

29;J 


RADII  OF  BOXWOOD  CURVES. 


Radius 

2500 

1 

Feet  to  i 

m Inch. 

in 

BOO 

- 

Chains. 

50 

40 

20 

33 

69 

21-8 

109-4 

91-0 

113-8 

227-7 

138 

70 

22 

1 

110 

1 

92 

3 

115 

6 

231 

0 

140 

71 

22 

4 

112 

5 

93 

6 

117 

2 

234 

1 

142 

72 

22 

8 

114 

1 

95 

0 

118 

8 

237 

5 

144 

73 

23 

1 

115 

7 

96 

3 

120 

5 

240 

9 

146 

74 

23 

4 

117 

3 

97 

7 

122 

2 

244 

1 

148 

75 

23 

7 

118 

8 

99 

0 

123 

7 

247 

3 

150 

76 

24 

0 

120 

4 

100 

3 

125 

4 

250 

7 

152 

77 

24 

3 

122 

0 

101 

7 

127 

0 

254 

0 

154 

78 

24 

6 

123 

6 

103 

0 

128 

8 

257 

2 

156 

79 

24 

9 

125 

2 

104 

2 

130 

3 

260 

5 

158 

80 

25 

3 

126 

7 

105 

6 

132 

0 

263 

9 

160 

81 

25 

6 

128 

3 

106 

8 

133 

7 

267 

2 

162 

82 

25 

9 

130 

0 

108 

2 

135 

3 

270 

5 

164 

83 

26 

2 

131 

6 

109 

5 

137 

0 

273 

8 

166 

84 

26 

5 

133 

1 

110 

8 

138 

8 

277 

0 

168 

85 

26 

8 

134 

7 

112 

1 

140 

3 

280 

4 

170 

86 

27 

2 

136 

3 

113 

4 

141 

9 

283 

6 

172 

87 

27 

5 

137 

9 

114 

7 

143 

7 

287 

0 

174 

88 

27 

8 

139 

5 

116 

1 

145 

2 

290 

3 

176 

89 

28 

1 

141 

0 

117 

4 

146 

8 

293 

5 

178 

90 

28 

4 

142 

7 

118 

7 

148 

5 

297 

0 

180 

91 

28 

8 

144 

3 

120 

0 

150 

1 

300 

3 

182 

92 

29 

1 

145 

9 

121 

3 

151 

8 

304 

184 

93 

29 

3 

147 

4 

122 

7 

153 

5 

307 

186 

94 

29 

7 

149 

0 

124 

0 

155 

0 

310 

188 

95 

30 

0 

150 

6 

125 

3 

156 

7 

313 

190 

96 

30 

3 

152 

2 

126 

5 

158 

4 

317 

192 

97 

30 

6 

153 

8 

128 

0 

160 

0 

320 

194 

98 

30 

9 

155 

3 

129 

2 

161 

7 

323 

196 

99 

31 

3 

156 

9 

130 

6 

163 

3 

327 

198 

100 

31 

6 

158 

5 

132 

0 

165 

0 

330 

200 

101 

31 

9 

160 

1 

133 

2 

166 

6 

333 

202 

102 

32 

2 

161 

9 

134 

6 

169 

3 

337 

204 

103 

32 

5 

163 

4 

135 

9 

170 

0 

340 

206 

104 

32 

8 

165 

0 

137 

2 

171 

5 

343 

208 

105 

33 

1 

166 

5 

138 

5 

173 

2 

347 

210 

106 

33 

4 

168 

1 

139 

9 

174 

9 

350 

212 

107 

33 

8 

169 

6 

141 

1 

176 

5 

353 

214 

108 

34 

1 

171 

2 

142 

5 

178 

2 

356 

216 

109 

34 

4 

172 

7 

143 

8 

178 

8 

360 

218 

110 

34 

7 

174 

3 

145 

1 

181 

5 

363 

220 
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GALVANIZED    IRON    TELEGRAPH    WIRE. 
(ARMCO  QUALITY.) 


Breaking  Load 

Resistance 

Weight 

Dia. 

Nearest 

@25 

Eng.  St. 

in  Ohms. 

per  mile 

ins. 

S.W.G. 

tons 

Specn. 

6(1°  Fahr. 

Lbs.      1 

Sq.  In. 

Lbs.  Min 

Per  Mile 

! 

Lbs. 

12U0 

296 

1 

3854 

4-0 

900 

256 

3 

2884 

— 

5-33 

800 

242 

3i 

2576 

— 

6-0 

750 

2325 

4 

2370 

— 

6-4 

675 

2205 

5 

2140 

— 

7-1 

600 

209 

5i 

1930 

1800 

8-0 

500 

191 

6 

1600 

— 

9-6 

450 

181 

7 

1440 

1350 

10-66 

400 

171 

7i 

1287 

1200 

12-0 

350 

160 

8 

1126 

— 

13-7 

300 

148 

9 

964 

900 

16-0 

200 

121 

lOi 

645 

600 

24-0 

150 

105 

12 

485 

450 

32-0 

100 

085 

14 

317 

— 

48-0 

75 

074 

15 

241 

225 

64-0 

60 

0657 

I6 

185 

— 

80-0 

50 

060 

16i 

159 

— 

96-0 

The  above  Iron  Galvanized  Telegraph  Wire  conforms  to 
the  Specification  of  the  Engineering  Standards  Committee, 
British  G.P.O.,  India  Office,  Crown  Agents,  Dominion 
Government  and  Railway  Specifications,  both  in  mechani- 
cal and  galvanizing  tests. 

In  conductivity  test,  "  Armco  "  Quality  Ingot  Iron 
Wire  is  guaranteed  not  to  exceed  a  constant  of  4800  (weight 
per  mile  in  lbs.  multiplied  by  resistance  in  ohms  per  mile 
at  60*  Fahr.). 
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TABLE  OF   SIZES,   WEIGHTS,    LENGTHS   AND 


Diameter 

Sectional 

Approxi- 

Diameter 

Size  on 

area 

Inches 

Wire      — 



. 

square 

. 

Gauge,  De 

cimal 

Milli- 

inches. 

100 

ol 

an 

metres 

yards 

i 

nch. 

lbs. 

i 

7/0 

500 

12-7 

•19635 

200-11 

ii 

6/0 

464 

11-8 

•16910 

172-33 

■is 

5/0 

432 

11-0 

•14657 

149-37 

h^ 

4/0 

400 

10-2 

•12568 

128^07 

f 

3/0 

372 

9-4 

•10869 

110-80 

hh 

2/0 

348 

8-8 

•09510 

96-93 

1/0 

324 

8-2 

•08244 

84-03 

1 

300 

7-6 

•07069 

72-04 

2 

276 

7-0 

•05982 

60-97 

} 

3 

252 

6-4 

•04987 

50-85 

4 

232 

5-9 

•04227 

43-07 

5 

212 

5-4 

•03530 

35-97 

* 

6 

192 

4-9 

•02896 

29-43 

7 

176 

4-5 

•02432 

24-77 

8 

160 

4-1 

•02011 

20-45 

9 

144 

3-7 

•01628 

16-59 

i 

10 

128 

3-3 

•01287 

13-12 

11 

116 

3-0 

•01057 

10-80 

12 

104 

2-6 

•00850 

8-63 

s% 

13 

092 

2-3 

•00665 

6-76 

14 

080 

2-0 

•005U3 

5-11 

15 

072 

1-8 

•00407 

4-15 

is 

16 

064 

1-6 

•00322 

3-29 

17 

056 

1-4 

•00246 

2-50 

3 
64 

18 

048 

1-2 

•00181 

1-83 

19 

040 

1-0 

•00126 

1-27 

20 

036 

0-9 

•00102 

1-03 

s'5 

21 

032 

0-8 

•00080 

•819 

22 

•028 

0-7 

•00062 

•628 

23 

024 

0-6 

•00045 

•461 

lis 

24 

022 

0-55 

•00038 

•387 

25 

020 

0-5 

•00031 

•320 

26 

018 

0-45 

•00025 

•259 

27 

0164 

0-4 

•00021 

•215 

s'l 

28 

0148 

0  -37 

•00017 

•175 

29 

0136 

0-35 

•00014 

•148 

30 

0124 

0-3 

•00012 

•123 
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BREAKING  STR. 

\iNS  01 

7  STEEl 

.  WIRE. 

MATE  Weight 

Approximate 

Approximate 

OF 

1 

Lesgt 

«  OF 

Breaking 

Strain 

Kilo- 

100 

25  tons 

35  tons 

Mile 

metre. 

cwt. 

kilos. 

per  square  per  square 

inch. 

inch. 

lbs. 

lbs. 

yards. 

5-ards . 

lbs. 

lbs. 

3522 

2188 

56 

110 

10995 

15393 

3033 

1885 

65 

128 

9469 

13257 

2629 

1634 

75 

147 

8208 

11490 

2254 

1400 

87-5 

172 

7035 

9851 

1950 

1211 

101 

198 

6086 

8521 

1706 

1060 

115 

226 

5326 

7457 

1479  1 

919 

133 

261 

4616 

6463 

1268 

788  i 

155 

305  ' 

3958 

5542 

1073 

667  1 

183  1 

360 

3350 

4690 

895 

556 

221)  ■ 

433 

2792   1 

3910 

758 

471 

260 

512 

2366 

3313 

633 

393  , 

311 

612 

1977   1 

2767 

518 

323 

380 

748 

1621 

2269 

436 

271 

452 

890 

1362 

1908 

360 

224 

546 

1075 

1125 

1576 

292 

182 

675 

1329 

911 

1276 

231 

143 

854 

1681 

720 

1008 

190 

118 

1040 

2047 

592 

828 

152 

95 

1293 

2545 

475 

666 

119 

74 

1653 

3254 

373 

521 

90 

56 

2186 

4303 

281 

394 

73 

45 

2699 

5313 

227 

318 

58 

36 

3416 

6724 

180 

252 

44 

27-5 

4462 

8783 

138 

192 

32-5 

20-2 

6t»73 

11954 

101 

141 

22-54 

14-0 

8745 

17214 

70 

98 

18-25 

11-34 

10796 

21251 

57 

79 

14-42 

1  8-96 

13663 

26894 

45 

63 

11-04 

6-86 

17846 

35128 

34-4 

48-2 

811 

5-(t4 

24290 

47813 

1    25-2 

35-3 

6-82 

4-24 

28908 

56903 

i    21-2 

]    29-8 

5-63 

3-5 

34978 

6885 1 

17-6 

24-6 

4-50 

2-84 

43184 

850(>3 

14-2 

19-9 

3-79 

2-35 

52021 

102498 

11-8 

16-6 

3-09 

1-92 

63877 

125735 

9-6 

13-5 

2-61 

1-62 

75646 

148903 

8-1 

11-4 

217 

1-35 

90996 

179118 

6-8 

j    9-5 
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GALVANIZED     IRON    SIGNAL    STRANDS    AND    STAY 

WIRES    (ARMCO    QUALITY).     COMPOSED    OF    SEVEN 

WIRES. 


Particulars  of  Strand. 

Wir 

e. 

Total 
Break- 

Appro. 
Wt. 

Diameter. 

Nca.r- 

ing 
Load. 

Per 

Ins. 

est 

Near- 

Mile. 

S  W.G 

Near- 

Circ.     E 

>ia. 

est 

Lbs. 

Lbs. 

Nom- 

est 

Decim. 

M/M. 

Ins. 

S.W.G. 

inal 

Frac- 
tion. 

035 

20 

12 

•104 

2-64 

^ 

359 

130 

11 

ii 

•116 

2^95 

f 

039 

19 

446 

160 

10 

i 

•128 

3-25 

043 

m 

532 

195 

9 

•144 

3-65 

^ 

048 

18 

672 

230 

8{ 

11 

•160 
•168 

4-06 
4-2 

053 
056 

17J 
17" 

811 
918 

292 
323 

7 

•176 

4-47 

059 

16J 

1011 

351 

6 

is 

•192 

4-87 

f 

064 

16 

1197 

410 

5 

_7 

•212 

5-38 

071 

15 

1477 

520 

4{ 

15 
64 

•232 

5-89 

— 

077 

14i 

1729 

610 

•240 

6-0 

— 

080 

14 

1876 

642 

3 

i 

•252 

6-40 

1 

084 

13i 

2068 

741 

2 

•276 

7^01 

I 

092 

13 

2480 

850 

1{ 

1 

•300 
•3125 

7^62 
7^93 

1 

100 
104 

12i 
12 

2926 
3165 

963 
1085 

1/0 

21 

•324 

8-23 

— 

108 

Hi 

3411 

1211 

2/0 

II 

•348 

8-84 

ItV 

116 

11 

3937 

1460 

3/0 

1^ 

•372 

9-45 

n 

125 

10 

4568 

1650 

4/0 

•400 

10^16 

n 

133 

9| 

5174 

1822 

5/0    ^ 

'h 

•432 

10-97 

If 

145 

9 

6146 

2085 

6/0 

15 

•464 

11-79 

n 

155 

8J 

7036 

2464 

31 

•480 

12-2 

n 

160 

8 

7488 

2646 

( 
1 

''I 

•50 

12-7 

ii 

167 

7i 

8156 

2840 

7/0  J 

•510 

12-8 

— 

170 

7i 

8454 

2987 

( 

M 

•528 

13-41 

— 

176 

7 

8971 

3204 

Length 
Per 
Cwt. 
Yds. 


1520 

1230 

1011 

853 

675 

610 

560 

481 

379 

323 

307 

266 

232 

205 

182 

162 

135 

120 

108 

95 

80 

73 

69 

66 

62 


The  Breaking  Loads  in  the  table  are  calculated  at  25  tons  per 
square  inch.  This  represents  the  ultimate  tensile  strength  in  the 
annealed  condition,  which  best  resists  corrosion. 
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NOTES 

in  regard  to  the  preparation  of  Railway  Plans  and 
Surveys,  together  with  observations  relating  to  the 
placing  of  Signalling  thereon. 

Each  plan  should  have  the  title  of  the  Railway  Company 
placed  thereon  in  full.  t^ 

The  North  Point  to  show  North  upwards.      ~T" 
The  Scale  to  be  written  and  drawn  I 

%^...I      7     ^     T     T 


SCALES  FOR  PLANS  AND  SURVEYS. 

8  feet   to   1   inch. 
20  feet  to  1  inch. 
1/500  full  size  or  41' 66  feet  to   1   inch     )  Ordnance 
1/2500  full,  size  or  208*33  feet  to  1  inch  1         Scales. 

Any  exceptions  to  the  above  scales  should  be  specially 
authorised  before  being  used. 

SCALES  FOR  DRAWINGS. 

Brickwork  Masonry  and  Steelwork — 

i"  and  J"  to  1  foot  for  general  drawings. 
I',  i",  i'  and  1"  for  special  details. 
General  drawings  of  all  kinds  of  work  should  be  drawn  i", 
f ".  Vy  i"  and  1"  to  1  foot,  and  special  details  J*  and  i" 
full  size. 

Railway  Company's  Existing  Boundary  to  be  edged 
with  Pink. 

Border  Line. 

The  Assistant's  initials  and  date  of  completion  in  right 
hand  bottom  corner  of  plan. 

The  number  of  plan  or  tracing  to  be  in  the  right-hand 
corner,  and  the  reference  number  of  the  papers,  if  necessary, 
in  the  top  right-hand  corner. 

Where  plans  have  to  be  signalled,  the  titles  and  all 
writing  to  be  left  blank  until  the  Signals  have  been  put 
on  same. 

With  regard  to  Bridge  calculations,  areas  of  lands,  etc. 
these  must  be  checked  and  the  Initials  of  both  Assistants 
put  on  the  drawing  to  ensure  accuracy. 

NOTES  ON  DRAWING,  COLOURING,  Etc. 

Although  each  Railway  Company  has  its  own  special 
rules  laid  down  for  colouring,  etc.,  the  following  may  be 
taken  as  being  in  fairly  general  vogue  :  — 
General  Plans  :  Main  Lines  Blue,  with  description  Up, 
Down,  Main,  Fast,  Slow,  etc.  with  an  arrow  in  4  ft.  to 
■lenote  the  direction  of  the  traffic. 

Sidings  —  Yellow. 


2gS 

Independents  and  Reception  Sidings — Purple  with  des- 
cription as  stated  for  Main  Lines. 

Private   Sidings — Green. 

Brick  and  Stone  buildings  owned  bj'  the  Railway  Com- 
pany— Indian  Red. 

Timber  Buildings  belonging  to  the  Railway  Company — 
Burnt  Sienna  etched  with  neutral  tint. 

Names  of  adjacent  land  owners  to  be  given  if  possible. 

Rivers,  Ponds,  Streams,  etc. — Blue  with  an  arrow 
denoting  the  direction  of  the  flow. 

Post  and  Rail  Fences 

Wrought  and  Paled  Fences 

Quick  Set  Hedges      

Sleeper  Fence  ^=^     with  description. 

Fence  wall,  large  scale  small  scale 


with    description. 

Gates,  single 

Gates,  double   or— = — i — =3>  with  direction  of  opening. 

Cranes        la.  Capacity     in     Tons     and     maximum 

radius  of  jib  to  be  stated. 

Wheel  Chocks  X 

Buffer  Chocks  I 


Connected  Points  'I' 


Swing  Chocks  or  Skotch  Blocks  » 

Water  Columns      T 

Signals  to  be  shown  and  to  lie  in  the  direction  of  the 
trafi&c  :        ii  ^    ^ <      exact  position  of  base  of  post. 

mr 

Weighing  Machines  to  be  marked  W.M tons. 

Description  and  size  of  Engine  and  Wagon  Turntables 
to  be  given. 

Small  Details  and  Signals  need  not  be  shown  on  l/25o() 
scale  plans. 

Insert  at  breaking  off  of  running  lines  at  each  end  of 
the  plan  ;  — 

From  (nearest  principal  station  to  left) 

To  (nearest  principal  station  to  right) 

Mile  posts  to  be  shown  with  mileage,  and  all  fixed  points 
relative  to  the  re-miling  of  the  line. 

Gradient  Boards  to  be  shown  :  — 

Roads  and  Carting  Areas,  light  wash  of  Burnt  Sienna, 
and  the  extent  shown  by  Dotted  Black  Lines. 

Names  of  roads  to  be  given  with  from  and  to  the  nearest 
town  or  village. 
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Platform — Dark  Burnt  Sienna  with  description,  Up  or 
Down  Platform,  and  stating  if  of  wood.  Concrete,  Asphalte. 
Ash,  Gravel,  etc.,  and  number  if  any. 

Slopes — Shaded   in   Sepia. 

Cutting  (sloping  towards         Embankment  (sloping 
Railway).  from  Railway). 

Gas  Mains — Bright  Green  Lines.  Position  of  meter  and 
capacity  to  be  shown  in  Bright  Green. 

High  Pressure  Gas  Mains — Dotted  Bright  Green  Lines. 

Electric  Mains — Purple   Lines. 

Water  Mains — Blue  Lines.  Position  of  meter  and 
capacity  to  be  shown  in  Blue. 

Hydraulic  Mains — Dotted  Blue  Lines. 

Oil  Companies'  Pipe  Lines — Payne's  Grey  Dotted  Lines. 

Whether  pipes  are  above  or  below  ground  to  be  stated. 

Drains — Burnt  Sienna  Lines. 

Manholes,  Valve  Boxes,, etc.      Lj     ^'^^  ^'^  ^^  given. 

Station  Roofs  or  Awnings,  etched  with  Dotted  Black 
Lines. 

Where  Pipes,  Sewers,  Drains,  Electric  Hydraulic,  Oil 
or  Gas  Mains  pass  under  or  over  the  Railway  Company's 
property,  they  must  be  shown  in  their  respective  colours, 
and  the  reference  to  the   Agreement  noted  thereon. 

Proposed  New  Works — 

Works  to  be  removed — Dottf^-d  Black  Lines. 

New  Works  to  be  drawn  and  coloured  Scarlet  Lake. 

Main  Lines — Deep  Scarlet  Lake. 

Independent  Medium  Scarlet  Lake 

Sidings — Pale  Scarlet  Lake. 

Paving  and  Metalled  Areas — Burnt  Sienna,  mixed  with 
Crimson,  with  description  written  upon  same,  and  the 
extent  shown  by  Dotted  Red  Lines. 

Additional  Lands  to  be  colour  washed  Scarlet  Lake. 

Proposed  Company's  Boundary,  edged  with  Green. 

In  preparing  New  Surveys,  the  Drains,  Traps,  Manholes, 
Gullies,  Gas  and  Water  Pipes,  and  Valves  should  be  marked 
and  the  positions  of  the  Lamps  shown  upon  the  plan. 
The  Drains  to  have  an  arrow  showing  the  direction  of 
their  flow. 

GENERAL  SECTIONS  AND  CROSS  SECTIONS.— 

Excavation — Red 

Filling — Green. 

Rail   Level — Blue   Lines. 

Datum  to  be  fully  described  and  position  of  datum 
point  marked  on  the  plan  thus  Tf  and,  in  all  cases, 
to  be  Ordnance  Datum. 
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STRUCTURAL  DRAWINGS  :— 


Brickwork 

Blue  Brick. 

Stonework 
Concrete 


Timber 

Ironwork 
Steelwork  .  . 
Cast  Iron  .  . 
Ground  Line 
Ballast 
Slopes, 
Old  Works 

Excavation    . 
Filling     . .      . 


Elevation  and  plan 
Light  Red     . .      .  . 

Lamp  Black  and 

Blue  . .      . . 

Yellow  Ochre 
Payne's  Grey 


Burnt  and  Raw 

Sienna 
Blue 

Purple    . . 
Neutral  Tint 
Sepia 

Lamp  Black 
Sepia  Shaded 
Light  Wash  of 

Lamp  Black 


Section. 

Crimson  and  Burnt 

Sienna. 
Same,  deeper 

Same,  deeper 
Payne's  Grey, 
mottled  with 
White  and  Sepia. 

Same,  grained. 
Deep  Blue. 
Deep  Purple. 
Same,  Deeper 
Same,  two  shades. 
Same,  deeper. 


Same,  deeper. 

Red. 

Green. 


NEGATIVES  : 

To  be  drawn  in  full  black  lines,  with  thin  black  dimension 
lines. 

Sections  to  be  etched  on  negatives  prepared  for  blue 
prints. 


AGREEMENT  PLANS  : 

To  be  prepared  in  duplicate  without  stamps  or  signatures. 
Work  referred  to  shown  in  Red. 

If  a  survey  has  to  be  "  Signalled,"  and  the  Signal  Box 
is  decided  to  be  fixed  on  the  top  side  of  the  plan,  the 
Signalling  must  be  placed  on  the  Survey  the  wrong  way  up  ; 
that  is  to  say,  the  Signal  Box  be  at  the  bottom  of  the  plan, 
so  that  No.  1  Lever  is  at  the  left-hand  side,  just  as  the 
Signalman  would  be  in  the  Cabin  in  readiness  to  pull  his 
Levers. 

Therefore  it  is  essential  that  before  plans  are  written 
up  for  the  Board  of  Trade,  the  Signalling  should  be  placed 
first  thereon,  so  that  all  the  writing  is  one  way. 

In  rare  instances,  it  is  sometimes  found  necessary  for  a 
Signalman  to  pull  off  his  Levers  with  his  back  to  the  line, 
say  where  the  Railway  is  very  tortuous. 

In  preparing  surveys  and  new  schemes  for  proposed 
lay-outs,  the  fact  must  always  be  borne  in  mind  that 
spaces  of  at  least  45  feet  shouid  be  left  between  a  pair  of 
facing  points  and  the  next  pair  of  points  on  the  same  line 
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leading  up  to  the  former,  so  that  locking  bars  may  be 
readily  fixed  to  the  facing  points  ;  otherwise,  if  only  a 
ten  or  twelve  ft.  space  is  left,  it  means  that  the  locking 
bars  have  to  be  fitted  along  the  switches,  and  this  causes 
a  great  amount  of  complex  arrangements  which  would  be 
unnecessary,  if  the  proper  space  were  allowed  for  in  the 
first  instance. 

All  Signal  Cabins  must  be  provided  with  a  diagram  of 
the  Signalling  arrangements  applicable  to  that  installation, 
and  each  Company  has  its  own  standard  sizes  for  these 
diagrams.  These  are  of  various  dimensions,  a  useful  size 
being  3  ft.  4  in.  by  1  ft.  1^  in.  and  sample  diagrams  are 
shown  hereunder. 

Some  Railway  Companies  use  circles  in  which  the 
numbers  of  the  points  are  placed,  whilst  others  leave  out 
the  circles,  and  exhibit  a  single  line  diagram,  which, 
although  not  showing  the  lines  in  colour,  yet  has  the 
advantage  of  presenting  more  clearly  the  normal  position 
of  the  lay  of  the  points. 

The  Apparatus  Levers  in  the  Signal  Cabin  should  be 
painted  according  to  the  different  connections  they  are 
operating,  a  good  general  standard  being  as  follows:  — 
Levers  Working  :  Colour  to  be  painted. 

Distant  Signals  . .  . .     Green 

Stop  Signals    . .  . .  . .      Red 

Points       Black 

Locking  Bars  .  .  .  .  .  .      Blue 

Fouling  Bars  .  .  .  .      Yellow 

Economical  Facing  Point  Locks   Top   Half  Blue  : 

Half  Black. 
Gate  Stops  and  Gate  Locks 


Gongs    . . 
Fogging  Machines 

Signal  and  Fogging  Machine 

working  together. . 
Spares 


Top  Half  Black  : 

Half  Blue. 
Chocolate. 
Top    Half    Red  : 
Half  Black. 
Top  Half  Black  : 
Half  Red. 
White. 


Bottom 
Bottom 


Bottom 
Bottom 
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